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136A 

Record  Control  "S"  Tests 

0-15-1173 

136B 

Undisturbed  -  Record  Control  "S"  Tests 

0-15-1174 

136c 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Impervious  Zone 

0-15-1175 

136D 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Impervious  Zone 

0-15-1176 

136E 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Impervious  Zone 

0-15-1177 

136F 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Impervious  Zone 

0-15-1178 

136G 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Random  Zone 

0-15-1179 

136H 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Random  Zone 

0-15-1180 

1361 

Record  Control  Compaction  Tests 

- 

Right  Abutment 

Random  Zone 

0-15-1181 

136J 

Record  Control  Compaction  Tests 

- 

Main  Valley 

Impervious  Zone 

0-15-1182 

136K 

Record  Control  Compaction  Tests 

- 

Main  Valley 

Random  Zone 

0-15-1183 

136L 

Record  Control  Compaction  Tests 

- 

Main  Valley 

Random  Zone 

0-15-1184 

136M 

Record  Control  Compaction  Tests 

- 

Little  Bull  Area 

Impervious  Zone 

0-15-1185 

136N 

Record  Control  Compaction  Tests 

- 

Little  Bull  Area 

Impervious  Zone 

0-15-1186 

1360 

Record  Control  Compaction  Tests 

- 

Little  Bull  Area 

Random  Zone 

0-15-1187 

136P 

Record  Control  Compaction  Teats 

- 

Little  Bull  Area 

Random  Zone 

0-15-1188 

1360 

Record  Control  Compaction  Tests 

- 

Conduit  Impervious 

Zone 

0-15-1189 
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136R 

Record  Control  Coapaction  Teats  -  Left  Abutment 

Impervious  Zone 

0-15-1190 

136S 

Record  Control  Compaction  Tests  -  Left  Abutment 

Random  Zone 

0-15-1191 

136T 

Record  Control  Compaction  Tests 

0-15-1192 

1360 

Record  Control  Classification  Tests 

0-15-1193 

137 

Record  Control  Classification  Teats  -  Right  Abutment 

Impervious  Zone 

0-15-1131 

138 

Record  Control  Classification  Tests  -  Right  Abutment 

Impervious  Zone 

0-15-1132 

139 

Record  Control  Classification  Tests  -  Right  Abutment 

Impervious  Zone 

0-15-1133 

140 

Record  Control  Classification  Teats  -  Right  Abutment 

Impervious  Zone 

0-15-1134 

141 

Record  Control  Classification  Tests  -  Right  Abutment 

Random  Zone 

0-15-1135 

142 

Record  Control  Classification  Tests  -  Right  Abutment 

Random  Zone 

0-15-1136 

143 

Record  Control  Classification  Tests  -  Main  Valley 

Impervious  Zone 

0-15-1137 

144 

Record  Control  Classification  Tests  -  Main  Valley 

Random  Zone 

0-15-1138 

145 

Record  Control  Classification  Tests  -  Main  Valley 

Random  Zone 

0-15-1139 

146 

Record  Control  Classification  Tests  -  Little  Bull 

Area  Impervious  Zone 

0-15-1140 

147 

Record  Control  Classification  Tests  -  Little  Bull 

Area  Random  Zone 

0-15-1141 

148 

Record  Control  Classification  Tests  -  Little  Bull 

Area  Random  Zone 

0-15-1142 

149 

Record  Control  Classification  Tests  -  Conduit 

Impervious  Zone 

0-15-1143 

150 

Record  Control  Classification  Tests  -  Left 

Abutment  Impervious  Zone 

0-15-1144 

151 

Record  Control  Classification  Tests  -  Left 

Abutment  Random  Zone 

0-15-1145 

151 A 

Dispersion  Test  Results 

0-15-1146 

151B 

Dispersion  Test  Results 

0-15-1147 

152 

Observation  Devices  Plan  and  Schedule 

0-15-881 

153 

Observation  Devices  -  Details 

0-15-882 

154 

Observation  Devices  -  Sections 

0-15-883 

154A 

Phreatic  Surfaces 

0-15-1057 

155 

Crest  Settlement  Monuments  and 

Profile  Along  Centerline  of  Dam 

0-15-884 

156 

Alinement  Monuments  Lines  A,  B,  C,  and  D 

Vertical  Summerys 

0-15-885 

157 

Downstrean  alinepent  Monuments  Lines  A  and  B 

Horizontal  Summary 

0-15-886 
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158 

Upatreaa  Allnenent  Monuments  Lines  C  and  D 

Horizontal  Suaaary 

0-15-887 

159 

Alineaent 

Monuaenta 

A-1 ,  1-2,  and  1-3 

0-15-888 

160 

Allnenent 

Monuments 

1-4,  1-5,  and  A-6 

015-889 

161 

Allnenent 

Monuaenta 

A-7 ■  A-8,  and  A-9 

0-15-890 

162 

Allnenent 

Monuaenta 

A-10 ,  A— 1 1 ,  and  A-12 

0-15-891 

163 

Allnenent 

Monuaenta 

1-13,  A-14,  and  A-15 

0-15-892 

164 

Allnenent 

Monuaenta 

A-16,  A-17,  and  A-18 

0-15-893 

165 

Allnenent 

Monuaenta 

A-1 9,  A-20,  and  A-21 

0-15-894 

166 

Allnenent 

Monuaenta 

A- 22,  1-23 ,  and  1-24 

0-15-895 

167 

Allnenent 

Monuaenta 

A-25 

0-15-896 

168 

Allnenent 

Monuaenta 

B-1 ,  B-2 ,  and  B-3 

0-15-897 

169 

Allnenent 

Monuaenta 

B-4,  B-5,  and  B-6 

0-15-898 

170 

Allnenent 

Monuaenta 

B-7,  B-8,  and  B-9 

0-15-899 

171 

Allnenent 

Monuaenta 

B-10,  B-11,  and  B-12 

0-15-900 

172 

Allnenent 

Monuaenta 

B-13,  B-14,  and  B-15 

0-15-901 

173 

Allnenent 

Monuaenta 

B-16,  B-17 ,  and  B-18 

0-15-902 

174 

Allnenent 

Monuaenta 

B-1 9,  B-20 ,  and  B-21 

0-15-903 

175 

Allnenent 

Monuaenta 

B-22 ,  B-23,  and  B-24 

O-15-904 

176 

Allnenent 

Monument  B-25 

0-15-905 

177 

Allnenent 

Monuaenta 

C-1,  02,  and  03 

0-15-906 

178 

Allnenent 

Monuaenta 

04,  05,  and  06 

0-15-907 

179 

Allnenent 

Monuaenta 

07,  08,  and  09 

0-15-908 

180 

Allnenent 

Monuaenta 

010,  011 ,  and  012 

0-15-909 

181 

Allnenent 

Monuaenta 

013,  014,  and  015 

0-15-910 

182 

Allnenent 

Monuments 

016,  017,  and  018 

0-15-91 1 

183 

Allnenent 

Monuments 

019,  020,  and  021 

0-15-912 

184 

Allnenent 

Monuaenta 

022,  023,  and  024 

0-15-913 

185 

Allnenent 

Monuaenta 

025  and  026 

0-15-914 

186 

Allnenent 

Monuments 

D-1 ,  D-2 ,  and  D— 3 

0-15-915 

187 

Allnenent 

Monuments 

D-4,  D-5,  and  D-6 

0-15-916 

188 

Allnenent 

Monuments 

D-7,  D-8,  and  D-9 

0-15-917 

189 

Allnenent 

Monuaenta 

0-10,  0-11,  and  0-12 

0-15-918 

190 

Allnenent 

Monuaenta 

0-13,  0-14,  and  0-15 

0-15-919 

191 

Allnenent 

Monuaenta 

0-16,  0-17,  and  0-18 

0-15-920 

192 

Allnenent 

Monument  D-19 

0-15-921 

193 

Foundation  Settlement  Plate  and  Open  Tube 

Plezoneter  S-80 

0-15-922 

194 

Foundation  Settleaent  Plate  and  Open  Tube 

Plezoneter  S-90 

0-15-923 

195 

Foundation  Settlement  Plate  and  Open  Tube 

Piezometer  3-100 

0-15-924 

196 

Foundation  Settleaent  Plate  and  Open  Tube 

Plezonete  S— 110 

0-15-925 

197 

Open  Tube 

Plezoneter  P-56-1 

0-15-926 

198 

Open  Tube 

Piezometer  P-56-2 

0-15-927 

199 

Open  Tube 

Piezometer  P-74-1 

0-15-928 

200 

Open  Tube 

Piezometer  P-74-2 

0-15-929 
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201 

Air  Cell  Piezometer  P-75-1 

0-15-930 

202 

Air  Call  Piezome tar  P-75-2 

0-15-931 

203 

Air  Call  Piezometer  P-78-I 

0-15-932 

204 

Air  Call  Piezometer  P-80-1 

0-15-933 

205 

Open  Tube  Piezometer  P-82-1 

0-15-934 

206 

Open  Tuba  Piezometer  P-82-2 

0-15-935 

207 

Open  Tube  Piezometer  P-83-2 

0-15-936 

208 

Open  Tube  Piezometer  P-84-1 

0-15-937 

209 

Open  Tube  Piezometer  P-85-1 

0-15-938 

210 

Open  Tube  Piezometer  P-86-1 

0-15-939 

211 

Open  Tube  Piezometer  P-87-1 

0-15-940 

212 

Open  Tube  Piezometer  P-87-2 

0-15-941 

213 

Open  Tube  Piezometer  P-87-3 

0-15-942 

214 

Open  Tube  Piezometer  P-90-1 

0-15-943 

215 

Open  Tube  Piezometer  P-91-1 

0-15-944 

216 

Air  Cell  Piezometer  P-94-1 

0-15-945 

217 

Air  Cell  Piezometer  P-94-2A 

0-15-946 

218 

Air  Cell  Piezometer  P-94-3 

0-15-947 

219 

Air  Cell  Piezometer  P-94-4 

0-15-948 

220 

Air  Cell  Piezometer  P-94-5 

0-15-949 

221 

Open  Tube  Piezometer  P-94-6 

0-15-950 

222 

Open  Tube  Piezometer  P-94-7 

0-15-951 

223 

Open  Tube  Piezometer  P-94-8 

0-15-952 

224 

Open  Tube  Piezometer  P-94-9 

0-15-953 

225 

Open  Tube  Piezometer  P-94-10 

0-15-954 

226 

Open  Tube  Piezometer  P-94-11 

0-15-955 

227 

Open  Tube  piezometer  P-94-12 

0-15-956 

228 

Open  Tube  Piezometer  P-94-13 

0-15-957 

229 

Open  Tube  Piezometer  P-94-14A 

0-15-958 

230 

Open  Tube  Piezometer  P-94-15 

0-15-959 

231 

Open  Tube  Piezometer  P-94-16 

0-15-960 

232 

Open  Tube  Piezometer  P-94-17 

0-15-961 

233 

Open  Tube  Piezometer  P-94-18 

0-15-962 

234 

Open  Tube  piezometer  P-94-19 

0-15-963 

235 

Open  Tube  Piezometer  P-94-20 

0-15-964 

236 

Open  Tube  Piezometer  P-95-1 

0-15-965 

237 

Open  Tube  Piezometer  P-99-2 

0-15-967 

238 

Open  Tube  Piezometer  P-101-1 

0-15-968 

239 

Open  Tube  Piezometer  P-101-2 

0-15-969 

240 

Air  Cell  Piezometer  P-104-1  A 

0-15-970 

241 

Air  Cell  Piezometer  P-104-2 

0-15-971 

242 

Air  Cell  Piezometer  P-104-3 

0-15-972 

243 

Air  Cell  Piezometer  P-104-4 

0-15-973 

244 

Open  Tube  Piezometer  P-104-5 

0-15-974 

245 

Open  Tube  Piezometer  P-104-6 

0-15-975 

246 

Open  Tube  Piezometer  P-104-7 

0-15-976 

247 

Open  Tube  Piezometer  P-104-8 

0-15-977 

TABLE  OF  COMTBMTS  -con. 


SRAMIHQS---  cod. 


Plaf  Mo. 

Title 

File  BO. 

248 

Open  Tube  Piezometer 

P-104-9 

0-15-978 

249 

Open  Tube  Piezometer 

P-104-10 

0-15-979 

250 

Open  Tube  Piezometer 

F-104-11 

0-15-980 

251 

Open  Tuhe  Piezometer 

P-104-12 

0-15-981 

252 

Open  Tube  Piezometer 

P-104-13 

0-15-982 

253 

Open  Tube  Piezometer  P-104-14 

0-15-983 

254 

Open  Tube  Piezometer 

P-105-1 

0-15-984 

255 

Open  Tube  Piezometer 

P-108-2 

0-15-986 

256 

Air  Cell  Piezometer  P-113-1 

0-15-987 

25T 

Open  Tube  Piezometer 

P-113-2 

0-15-988 

258 

Open  Tube  Piezometer 

P-113-3 

0-15-989 

259 

Open  Tube  Piezometer 

P-120-1 

0-15-990 

260 

Open  Tube  Piezometer  P-120-2 

0-15-996 

261 

Inclinometer 

1-72-1 

0-15-1044 

262 

Inclinometer 

1-72-2 

0-15-1045 

263 

Inclinometer 

1-82-1 

0-15-1046 

264 

Inclinometer 

1-82-2 

0-15-1047 

265 

Inclinometer 

1-90-1 

0-15-1048 

266 

Inclinometer 

1-90-2 

0-15-1049 

267 

Inclinometer 

1-91-1 

0-15-1050 

268 

Inclinometer 

1-99-2 

0-15-1052 

269 

Inclinometer 

1-108-2 

0-15-1054 

270 

Inclinometer 

1-113-1 

0-15-1055 

271 

Inclinometer 

1-114-1 

0-15-1056 
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INTRODUCTION 
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1-01,  Purpose  and  Scope  of  Report.  The  purpose  of  this  report  Is  to 
provide  In  one  volume  the  significant  lnforaatlon  needed  by  engineers  to 
faalllarlze  th  ease  Ives  with  Hillsdale  Lake,  reevaluate  the  embankment  in  the 
event  unsatisfactory  performance  occurs,  and  provide  guidance  for  designing 
comparable  earth  daas.  The  scope  of  this  report  provides  a  summery  record  of 
significant  design  data,  design  assumptions,  specification  requirements, 
construction  equipment,  construction  procedures,  construction  experience, 
field  control  and  record  oontrol  test  data,  and  eabankaent  performance  as 
monitored  by  instrumentation  during  oonstruotlon  and  during  initial  lake 
filling. 

1-02.  Project  Purpose.  The  project  purposes  Include  flood  oontrol, 
water  supply,  water  quality  oontrol,  and  recreation,  including  fish  and 
wildlife  enhancement.  The  percentages  of  benefits  assigned  to  the  authorised 
purpose  are  24  peroent  for  flood  oontrol,  48  percent  for  water  supply,  20 
percent  for  water  quality  oontrol  and  6  peroent  for  recreation.  The  average 
benefits,  at  1977  price  levels,  attributable  to  the  Hillsdale  Lake  over  a 
100-year  period  total  $2,962,000. 

1-03.  Project  Authorisation.  The  Hillsdale  Lake  was  authorised  as  a 
flood  oontrol  project  by  the  Flood  Control  Act  of  1954  (Publlo  Law  83-780) 
which  states  In  part: 

•The  comprehensive  plan  for  the  Missouri  River  Basin,  approved  by  the 
Act  of  June  28,  1938,  and  as  amended  and  supplemented,  is  hereby 
further  modified  to  Include  the  projeot  for  flood  proteotion  on  the 
Osage  River  and  tributaries,  Missouri  and  Kansas,  substantially  In 
accordance  with  the  recommendations  of  the  Chief  of  Engineers,  In 
House  Document  Numbered  549,  Eighty-first  Congress.* 

House  Document  No.  549,  81 st  Congress  states  in  part: 

•The  Osage  River  Basin  plan  oonslsts  of  a  nine-reservoir  system 
(Hillsdale  included)  to  be  operated  as  a  multiple-purpose  projeot  with 
the  primary  purpose  of  flood  oontrol.  .  .  .  the  nine-reservoir  system 
would  oontrol  a  drainage  area  of  11,500  square  miles  or  75  peroent  of 
the  total  area  of  the  basin.  The  system  will  provide  a  very  high 
degree  of  proteotion  from  flooding  on  the  Osage  River;  reduce  flood 
heights  on  the  Missouri  and  Mississippi  Rivers;  provide  storage  far 
increasing  low-watar  flows  for  the  Improvement  of  water  supply, 
abatement  of  pollution,  and  Improvement  of  navigation;  and  facilities 
far  the  production  of  hydroeleotrlo  power.” 
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CHAPTER  2 


PROJECT  DESCRIPTION 


2-01 .  Prelect  Location.  The  Hillsdale  Daa  Is  located  on  the  Big  Bull 
Creek,  Kansas,  approxinately  2  1/2  alias  west  of  O.S.  Highway  Ho.  169  sad  5 
alias  northwest  of  Paola,  Kansas.  The  daa  Is  located  In  Miaai  County  with  the 
lake  extending  north  into  Johnson  County.  Location  and  vicinity  asps  are 
shown  on  plate  1.  Major  thoroughfares  and  project  aooess  is  shown  on  plate  2. 
A  general  plan  of  the  daaslte  Is  shown  on  plate  3. 
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2-03.  Lake  Description.  Bu«d  on  the  eultipurpose  pool  elevation  of  917 
feet  above  eeaa  aea  level,  Hillsdale  Lake  has  51  alias  of  shoreline,  a  seen 
depth  of  27  feet,  a  aean  breadth  of  approximately  1  alia,  and  a  length  of 
approxlMtely  6  Biles.  The  aajor  topographic  feature  of  the  region  la  the 
Bull  Creek  Valley  whioh  is  joined  from  the  northeast  by  the  Little  Bull  Creek 
Valley.  Nature  to  subaature  dissection  of  the  plain  has  resulted  In  a 
topography  characterized  by  gently  rolling  uplands  and  ooaparatlvely  broad 
valleys.  Naxlaua  relief  in  the  area  la  approximately  180  feet.  Valley  slopes 
are  somewhat  steeper  along  Big  Bull  Creek  than  along  Little  Bull  Creek.  The 
steeper  slopes  and  valley  nils  are  aalnly  brush  and  tlaber  oovered. 

2 -Oh.  Dam  Description.  The  daa  la  a  zoned,  oonpeeted  earthfUl  embank¬ 
ment  with  a  orest  length  of  11,640  feet  which  includes  a  2,590  foot  dike 
section  on  the  upper  right  abutment.  Crest  width  of  the  embankment  is  30  feet 
with  the  dike  section  having  a  or eat  width  of  15  feet.  The  embankment  has  a 
central  Impervious  core  across  the  valley  with  random  and  berm  zones  both 
upstream  and  downstream.  The  Impervious  oore  Is  tied  to  bedrock  with  a  cutoff 
trenoh  aoross  the  valley.  The  embankment  includes  an  inclined  pervious  drain 
to  Intercept  through  seepage.  The  Inclined  pervious  zone  drains  to  pervious 
stringers  extending  to  the  downstresm  toe  in  the  valley  and  to  continuous 
pervious  blankets  extending  to  the  toe  on  the  abutments.  The  maximum  height 
above  streambed  is  100  feet,  while  the  height  above  flood  plain  Is 
approxlamtely  76  feet.  The  elevation  of  the  top  of  dam  is  952.2  which 
provides  4.2  feet  of  freeboard  above  the  spillway  design  flood.  The  upper 
right  abutment  embankment  (dike  section)  Is  not  zoned.  It  consists  of 
compacted  impervious  material  from  the  spillway  excavation.  The  lower  right 
abutment  embankment  includes  the  Big  Bull  Creek  where  closure  was  made.  The 
various  embankment  sections  include  the  upper  right  abutment,  lower  right 
abutment,  main  valley  reach,  Little  Bull  Creek  area,  outlet  work*,  and  the 
left  abutment.  Details  of  the  various  seotlons  are  shown  in  the  typloal 
embankment  sections  on  plates  13  and  14.  The  outlet  works  is  not 
perpendicular  to  the  daa  axis  therefore  the  oonduit  section  and  transitions 
are  at  different  locations  upstream  and  downstream.  The  outlet  works  section 
consists  entirely  of  impervious  material  with  the  exception  of  the  pervious 
backfill  surrounding  the  conduit  downstream  of  the  dam  axis.  The  upstream 
slope  protection  is  designed  to  provide  slope  protection  at  the  more  frequent 
pool  elevation  and  on  the  steep  slopes  near  the  embankment  crest.  Rook 
protection  from  the  toe  extending  as  high  as  Elevation  905.2  oonslsts  of 
limestone  and  shale  obtained  from  required  excavation.  Riprap  and  bedding 
provides  protection  to  Elevation  921.0  with  a  grass  oovered  1  on  3  slope 
transitioning  to  a  1  on  10  slope  between  Elevation  921.0  and  942.2.  Rook 
protection  consisting  of  21  lnob  riprap  provides  slope  protection  from 
Elevation  942.2  to  the  orest  of  the  daa. 

2-05.  Snillwav.  The  spillway  is  located  on  the  right  abutment  of  the 
dam.  The  spillway  is  a  limited  servioe,  uncontrolled,  flat  crested  notch 
type.  Zt  is  50  feet  wide  and  level  throughout  its  4,950  feet  of  length.  It 
has  a  orest  elevation  of  935.0  feet,  a.s.1. ,  and  1  on  3  excavated  side  slopes. 

2-06.  Outlet  Works.  The  outlet  works  is  located  near  the  toe  of  the 
left  abutment  and  oonslsts  of  an  approach  channel,  Intake  tower  and  servioe 
bridge,  aut-and-cover  conduit,  stilling  basin,  and  outlet  channel.  The 
approach  channel  is  approxlamtely  1 ,750  feet  long  with  an  exoavated  bottom 
width  of  30  feet  and  1  on  2,5  side  slopes.  The  approach  channel  originates  at 
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th«  confluence  of  the  Scott  Branch  end  Big  Bull  Creek  end  intersects  Little 
Bull  Creek  prior  to  connecting  with  the  epproech  wells  end  intake  structure. 

A  combination  wet  well-dry  well  intake  tower  consists  of  a  combination  trash 
fender  and  trashraok  structure,  streamlined  inlet,  gate  passageways,  a 
transition  fron  the  gate  passageway  to  the  conduit,  a  multilevel  low  flow 
intake  within  the  trashraok  structure,  two  wet  wells  with  a  single  cable-hoist 
operated  emergency  gate,  a  dry  well  with  two  hydraulically  operated  service 
gates,  an  operating  floor,  a  service  deck,  and  an  entrance  house.  Aaoess  to 
the  structure  is  provided  by  a  service  bridge  from  the  embankment  to  the 
intake  structure.  The  11.67-  by  15.92-foot  oblong  conduit  is  located  in  open- 
out  excavation  and  is  covered  with  impervious  material,  upstream  and  pervious 
downstream  of  the  dam  axis.  The  total  length  of  the  conduit  and  intake 
structure,  portal  to  portal,  is  approximately  802  feet  long.  The  stilling 
basin  and  downstream  transition  structure  provides  for  energy  dissipation  by  a 
conventional  hydraulic  jump  to  prevent  serious  erosion  of  the  downstream 
channel.  In  cross  section,  the  stilling  basin  is  a  0-wall  type  structure. 

Baffles  and  an  end  sill  are  built  into  the  stilling  basin  floor  slab.  Walkway 
platforms  are  provided  at  the  top  of  the  stilling  basin  walls  for  observation 
and  fishing.  Ramps  oonstruoted  along  the  riprap  adjacent  to  the  outlet 
provide  fishermen  acoess  to  the  outlet  channel. 

2-07-  Reservoir  Operations.  Hillsdale  Lake  is  one  unit  in  a  system  of  ' 

multiple-purpose  projeots  which  comprise  a  comprehensive  plan  for  flood 
control  and  water  resource  development  in  the  Missouri  River  basin  and  its 
Osage  River  tributary  basin.  Flood  control  storage  in  Hillsdale  Lake  acts  in 
oonjunotion  with  the  other  flood  storage  projeots  in  the  Osage  River  basin  to 
reduce  flooding  on  the  Marais  des  Cygnes,  Osage  and  Lower  Missouri  River. 

Hillsdale  Lake  will  have  storage  for  sediment,  low-flow  supplementation,  water 
supply,  and  flood  oontrol.  Sediment  storage  will  provide  11,000  aore-feet  of 
sediment  allocation  for  a  100-year  design  period.  The  68,000  acre-feet 
multipurpose  pool  allocation  will  furnish  a  water  supply  withdrawal  of  32 
oublc  feet  per  aeoond  on  a  2  peroent  ohanoe  dependability  and  low  flow 
supplementation  of  13  cubic  feet  per  aeoond  based  on  a  10  percent  ohanoe. 

Results  of  a  historical  period  of  reoord  reeervolr  operation  are  shown  on 
plate  18,  as  a  Lake  Stage  Frequency  Curve  for  Hillsdale  Lake. 
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CHAPTER  3 
GEOLOGY 

3-01.  Physiography.  Hillsdale  Lake  ia  located  in  the  northeastern  pert 
of  the  Osage  Plains  aeotlon  of  the  Central  Lowlanda  physiographic  province. 
This  aeotlon  is  characterized  by  a  series  of  plains  separated  by  eastward 
facing  esoarpaents  feraed  by  differential  erosion  of  Pennsylvanian  liaestone 
and  shale  strata  which  dip  gently  westward.  Big  Bull  Creek  and  Little  Bull 
Creek  rise  in  the  southwestern  oorner  of  Johnson  County  near  the  town  of 
Gardner,  Kansas.  The  two  streams  serge  about  1,000  feet  downatreaa  of  the  dan 
axis  and  flow  in  incised  obannela  with  a  noderate  aaount  of  neandering.  At 
the  daaslte  the  flood  plain  is  about  3,000  feet  wide.  Isolated  terraoe 
deposits  of  Hlsoonslnan  age  ocour  in  Big  Bull  Creek  valley  u pat rear  and 
downatreaa  of  the  dan  axis.  The  valley  slopes  are  nan  tied  prlatrlly  with 
residual  soils  and  sons  oolluvial  saterial  (lean  and  fat  days)  ranging  in 
thickness  froa  0  to  20  feet. 

3-02.  Description  of  Overburden.  The  description  of  the  overburden  is 
based  on  observations  aade  during  the  excavation  of  the  cutoff  trenoh. 

a.  Tallev  Alluvlua.  The  valley  alluvium  consists  of  up  to  30  feet  of 
Plelstooene  and  recent  deposits  of  lean  and  fat  clays  with  clayey  sand  several 
feet  thiak  at  the  base.  Talley  alluvlua  across  the  valley,  except  where  the 
Drua  liaestone  was  eroded  away  in  the  Big  Bull  Creek  channel  (Station  80+10  to 
82+30.  Lean  and  fat  day  deposits  vary  from  25  to  30  feet  thlok.  The 
Plelstooene  and  recent  deposits  oontaln  very  few  sand  and  gravel  deposits.  A 
3-foot  thiak  sand  and  gravel  deposit  with  a  ainor  amount  of  water  exists 
between  Station  80+00  and  82+20  on  the  upstream  side  of  the  trenoh.  A  Basil 
deposit  of  sand  and  gravel  one  foot  thlok  exists  between  Stations  104+00  and 
105+00.  These  sand  and  gravel  deposits  correspond  to  the  areek  crossings. 

b.  Poland  Overburden.  On  the  right  abutaent,  overburden  ranges  in 
thickness  from  6  to  20  feet  and  oonslsts  largely  of  residual  fat  day  derived 
froa  weathering  of  the  Lane  shale  formation.  The  maximum  thickness  occurs 
from  Station  36+00  to  Station  46+00.  Proa  Station  44+00  to  Station  75+00  the 
Lane  shale  la  absent  and  residual  days  are  resting  directly  on  weathered 
Iola  liaestone.  From  Station  75+00  to  Station  79+00  fat  and  lean  clays  are 
resting  on  the  Chanute  shale.  Bedrock  between  Station  75+00  to  Station  78+50 
is  a  moderately  hard,  friable,  very  fins  grained,  thin  bedded,  tan, 
sandstone.  The  steep  slope  from  Station  78+00  down  to  Big  Bull  Creek  at 
Station  79+00  is  thinly  mantled.  There  is  less  than  6  feet  of  fat  day  and 
many  large  sandstone  slabs  from  the  overlying  Chanute  shale.  On  the  left 
abutaent  overburden  is  comparatively  thin.  From  Station  105+00  to  Station 
112+00  the  overburden  ranges  from  6  to  12  feet  thick  over  the  Chanute  shale. 
Froa  Station  112+00  to  Station  116+00  the  overburden  was  on  the  Iola 
liaestone.  From  Station  116+00  to  Station  124+00  the  overburden  is  on  the 
Lane  ahale.  From  Station  112+00  to  Station  12 4+00  the  overburden  is  composed 
of  lean  and  fat  days.  Limestone  fragments  were  not  common  and  no  sand  was 
noted  froa  Station  105+00  to  Station  124+00. 
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3-03.  Bedrock  Stratigraphy.  Bedrock  units  present  at  the  damslte  are  of 
the  Pennsylvanian  System,  Lansing,  and  Kansas  City  groups.  They  consist  of 
alternating  beds  of  limestone  and  shale  with  occasional  zones  of  sandstone  and 
ailtstone.  Unexposed  similar  sedimentary  strata  extend  about  2,000  feet  to 
the  Preoambrian  basement.  The  bedrock  units  are  described,  in  descending 
order,  In  the  following  paragraphs: 

a.  Lansing  Group. 

(1)  Plattsburg  Formation.  These  u:  its  were  not  encountered  in 
the  excavations. 

(a)  Spring  Hill  liaestone  is  14  feet  thick,  moderately  hard, 
dense  to  finely  crystalline  with  occasional  pits.  It  is  light  gray  and 
massive  to  thin  bedded  with  shaly  partings. 

(b)  Hickory  Creek  shale  is  0.5  foot  thick,  soft,  platy, 
calcareous  and  dark  gray. 

(o)  Merriao  limestone  is  2.5  feet  thick,  moderately  hard, 
dense  to  finely  crystalline,  oolitic,  thin  bedded,  fossiliferous  and  light 
gray. 


(d)  Bonner  Springs  shale  is  19  feet  thick,  soft  to  very  soft 
and  platy  with  calcareous  partings.  It  is  light  to  dark  gray  with  a  maroon 
zone  near  the  center.  A  moderately  hard,  very  fine  grained  sandstone  occurs 
at  the  base. 


(2)  Wyandotte  Formation. 

(a)  Farley  limestone,  Island  Creek  shale  (0.1  foot  thick)  and 
Argentine  limestone  members  total  about  14  feet  thick.  They  are  moderately 
hard,  dense,  thin-beddad,  with  wavy  shale  partings  and  light  gray  to  buff  with 
light  blue  mottling.  These  units  were  not  encountered  in  the  excavations. 

(b)  Lane  shale  member  is  about  100  feet  thick,  soft  to 
occasionally  very  soft,  clayey  to  sandy,  platy,  gray  to  dark  gray  with 
occasional  carbonaceous  partings  and  limestone  nodules.  The  upper  half 
includes  sandstone,  moderately  hard,  fine  grained,  micaceous,  occasionally 
calcareous,  thin  bedded  and  gray. 

(3)  lola  formation. 

(a)  Raytown  limestone  member  is  about  17  feet  thick, 
moderately  hard,  dense  to  finely  crystalline,  argillaceous,  fossiliferous, 
thin  to  medium,  wavy  bedded  and  light  bluish  gray.  The  ledge  contains  two 
thin  shale  beds. 


(b)  Hunoie  Creek  shale  member  is  0.5  feet  thick,  soft, 
clayey,  calcareous,  gray  with  occasional  phosphate  modules. 

(o)  Paola  limestone  member  is  2.5  feet  thick,  moderately 
hard,  dense,  foaaillferous,  thick  bedded  and  light  gray. 
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(4)  Chsnute  Formation. 


(a)  Cbanute  shale  la  approximately  30  feet  thick,  soft  to 
Moderately  hard,  clayey  to  silty,  platy  to  massive,  dark  gray  to  green  with 
pinkish  llaestons  nodules.  Sandstone  and  slltstons  beds  are  common  in  the 
upper  part.  A  soft  shale  underclay  with  numerous  sllekensides  occurs  beneath 
a  thin  ooal  seam  near  the  middle.  The  sandstone  and  slltstons  are  moderately 
hard,  very  fine  grained,  calcareous,  thin  bedded  and  gray  to  brown.  The 
slltstons  is  often  interlamina  ted  with  shale. 

(b)  In  the  outlet  works  excavation  several  zones  within  the 
Chanute  shale  formation  have  been  recognized.  They  are  described  in 
descending  order,  below. 

Zone  A  is  about  5  feet  thick.  It  is  shale,  soft,  plat;  to 
fissile  and  dark  gray  with  occasional  moderately  hard  slltstons  beds. 

Zone  B  is  about  8  feet  thick.  It  consists  of  slltstons  and 
sandstone,  moderately  hard,  thin  bedded  to  laminated,  oalcareous,  light  and 
dark  gray  with  a  3/4  inoh  thick  ooal  seam  at  the  base. 

Zone  C  is  about  5.5  feet  thick.  It  is  shale,  soft,  blooky  and 
dark  gray  with  numerous  sliokensides. 

Zone  D  is  about  1,8  feet  thick.  It  is  soft,  blooky,  purple 
shale  with  numerous  sliokensides. 

Zone  E  is  about  5  feet  thick.  It  is  slltstons,  moderately 
hard,  thin  to  medium  bedded,  calcareous  and  greenish  gray  with  limestone 
lenses  and  nodules. 

Zone  F  is  about  3*5  feet  thick.  It  is  shale,  soft,  laminated 
and  gray.  It  oontalns  numerous  tight  vertical  Joints. 

( 5)  Drum  Formation.  Cement  City  limestone  member  is  4  feet  thick, 
moderately  hard,  dense  to  finely  crystalline,  thin  to  medium  bedded, 

fossil if erous,  light  gray  with  thin  green  wavy  shale  partings. 

(6)  Cherryvale  Formation.  The  Quivlra  shale  member  is  the  only 
unit  encountered  in  the  excavations. 

(a)  Quivlra  shale  member  is  12  feet  thiok,  soft,  clayey  to 
silty  and  dark  gray.  It  oontalns  slltstons  and  underclay  and  occasional  very 
soft  partings  and  bands.  A  thin  ooal  seam  commonly  occurs  in  the  upper  4 
feet.  The  lower  portion  is  often  lnterlamlnated  with  moderately  hard,  light 
gray  slltstons. 


(b)  Westerville  limestone  member  is  2.5  feet  thick,  moderately 
hard,  thin-bedded,  argillaoeous,  brownish  gray  with  green  shaly  partings  and 
zones  of  nodular  limestone  in  a  matrix  or  green  shale. 

(o)  Wea  shale  member  is  21  feet  thick,  soft  to  moderately 
hard,  clayey  to  silty,  platy,  occasionally  oalcareous  and  oontalns  slltstons 
bands  and  partings.  It  is  dark  gray  to  green  gray. 
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(d)  Block  line  tone  member  is  14  feet  thick,  moderately  hard, 
dance  to  very  finely  crystalline,  thin  wavy  bedded,  light  brownish  gray  with 
occasional  light  blue  Mottling  and  numerous  dark  gray,  soft  shale  partings. 

(e)  Fontana  shale  meaber  is  14  feet  thick,  soft  to  moderately 
hard,  clayey  to  silty,  platy,  dark  gray  to  green  gray  with  occasional  limetone 
partings. 


(f)  Winterse t  limetone  member  is  20  feet  thick,  moderately 
hard  to  hard,  finely  crystalline,  argillaceous,  cherty,  thick  bedded,  and 
light  gray. 


3-04.  Badrook  Structure.  The  damsite  ia  located  on  the  Prairie  Plains 
homoclina.  The  term  is  applied  to  strata  that  dip  in  one  direction  at  a 
uniform  angle.  The  regional  dip  is  20  to  30  feet  per  mile  to  the  northwest. 
The  regional  dip,  however,  is  not  apparent  at  the  damsite;  instead,  the  local 
strata  dip  slightly  to  the  northeast  at  a  rate  of  about  15  feet  per  mile.  The 
rock  units  are  at  a  lower  elevation  on  the  left  abutment  than  on  the  right. 

3-05.  Bedrock  Weathering.  From  Station  45*00  to  Station  58+00  the 
Raytown  limestone  in  the  cutoff  trench  was  weathered  with  open  Joints  and  day 
pockets.  The  upper  six  to  eight  feet  of  the  ledge  was  excavated  down  to  a 
shale  parting  near  Elevation  910.  From  Station  69*00  to  Station  72+00  the 
Chanute  shale  was  soft  and  weathered.  The  upper  five  feet  were  excavated  to 
expose  a  firm  unweathered  shale  surface.  From  Station  75*00  to  Station  78+50, 
up  to  five  feet  of  weathered  Chanute  shale  was  excavated.  From  Station  79+50 
to  Station  106+30  a  five  foot  thick  ledge  of  weathered  Drum  limestone  and 
three  feet  of  the  underlying  Quivlra  shale  were  excavated.  From  Station 
106+30  to  Station  114+15,  the  upper  five  feet  of  weathered  Chanute  shale  was 
excavated.  A  day  filled  Joint  in  the  Raytown  limestone  was  encountered  on 
the  downstreai  wall  of  the  outoff  trench  at  Station  114+34.  From  Station 
114+15  to  Station  118+50  Raytown  limestone  forms  the  floor  of  the  trench. 

From  Station  118+50  to  Station  121+00  the  upper  two  feet  of  weathered  Lane 
shale  was  excavated. 

3-06.  Leaching  and/or  Solution  Activity.  Several  solution  cavities  were 
encountered  in  the  Paola  limestone  and  Chanute  shale  on  the  walls  of  the 
outlet  works  excavation. 

3-07.  Jointing.  Joints  in  the  Raytown  and  Drum  limestones  on  the  floor 
of  the  outoff  trench  were  tight  and  indistinct  in  the  abutments  and  Joints  in 
the  Drum  were  open  in  the  valley.  The  major  Joints  strike  north  45  degrees  to 
65  degrees  east.  The  minor  Joints  strike  north  30  degrees  west.  The  Joints 
were  cleaned  and  filled  with  grout.  During  foundation  grouting  they  tested 
tight.  A  few  Joints  were  noted  in  the  Raytown  limestone  on  the  floor  of  the 
outoff  trench.  A  few  Joints  were  noted  in  the  Drum  limestone  on  the  floor  of 
the  outoff  trenoh  from  Station  79+00  to  Station  79+50.  They  were  also  tight. 
Numerous  Joints  were  found  in  the  Chanute  shale  in  the  stilling  basin 
foundation.  The  Joints  were  vertloal  and  open  for  a  depth  of  about  7  inches. 
0ns  set  strikes  south  80  degrees  east  and  the  other  set  strikes  north  25 
degrees  east. 

3-08.  Q round  Water.  Overburden  and  bedrock  units  at  the  damsite  and  in 
the  reservoir  were  expected  to  be  poor  aquifers.  The  excavations  through  the 
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fat  olay »  of  the  outoff  trenoh  dlaoloaad  only  two  olayey,  gravelly i  sand  araaa 
In  the  old  ohannels  of  Big  and  Little  Bull  Creeks.  Except  for  the  Initial 
discharge  when  first  disturbed,  groundwater  seepage  was  Insignificant. 
Qroundwater  seepage  In  the  outlet  works  exoavation  was  also  slnlaal.  Pressure 
testing  indicated  the  underlying  shales  and  liaestone  ware  relatively 
iapervioua.  Basil  yields  had  been  reported  in  the  Chanute  shale  In  wells 
outside  the  reservoir.  Exoavation  of  the  lola  and  Drus  llsestones  oonfiraed 
that  they  were  poor  and  aquifers.  Jointing  was  well  defined  and  slightly  open 
only  in  the  outcrop  areas.  Grouting  oonfiraed  the  llsestones  and  shales  were 
tight  except  for  one  snail  area  in  the  Chanute  shale  that  aooepted  so at  of  the 
grout  injected.  This  area  was  a  sandstone  lense  near  the  top  of  the  Chanute 
shale.  Oooasional  open  Joints  in  this  sandstone  probably  supply  what  little 
well  water  is  available  in  the  area. 


CHAPTER  4 

H1ST0RT  OP  PROJECT  DESIGN 

4-01.  TnM«ti«itioiifl  Prior  to  Project  Authorisation.  Studies  prim*  to 
project  authorisation  oonaiat  of  reports  prepared  by  the  Corps  of  Engineers, 
reports  of  other  agenoies,  flood  damage  investigations,  speoial  field 
Investigations,  and  the  report  on  the  Osage  River  and  Tributaries  (Missouri 
and  Kansas),  House  Doouaent  Mo.  91,  Seventy- third  Congress  and  other  informa¬ 
tion  used  in  the  preparation  of  House  Document  No.  549,  Eighty-first 
Congress,  which  is  the  projeot  doouaent. 

4-02.  investigations  Subsequent  to  Authorisation.  Post  authorisation 
studies  included  topographic  surveys,  subsurface  explorations,  and  preliminary 
contacts  with  governmental  agenoies  and  local  groups  having  an  interest  in  the 
projeot.  Design  studies  leading  to  the  following  DMs  were  initiated. 

TABLE  1 


DM  Number 

1 

2 

3 

3 

4 

5 

6 
6 
T 

7 

8 
9 

10 

11 

11 

12 

13 

14 

15 

16 

17 

18 


Hi  11  ads  la  Daalvn  Manors  miUnm 

Title 

Projeot  Eoonomios 

Hydrology 

General 

Appendix  E  -  Recreation  Resources 

Preliminary  Cost  Allocation 

Souroe  of  Construction  Materials 

Administrative  Facilities 

Supp  1,  Administrative  Facilities 

Soil  Data  A  Embankment  Design 

Supp  A,  Soil  Data  A  Embankment  Design 

Outlet  Works  and  Spillway 

Miami  County  Road  Relocations 

AooesS  Roads 

Real  Estate 

Supp  A,  Miami  Co.  Rd.  Relocations 
Relooatlon  of  Power  and  Telephone 
Lines 

Master  Plan 

Petroleum  A  Pipeline  Relocations 
Interpretive  Prospeotus  and 
Exhibit  Design  Concept 
Lake  Clearing 
0AM  Hater  Supply 
Initial  Reservoir  Filling  Plan 


Preliminary  embankment  design  quantities  were  evaluated  for  several  sites  to 
be  oonsidered  in  the  site  selection  procedure.  A  site  selection  conference 
was  held  in  February  of  1969  with  a  sunary  of  the  data  presented  being 
published  in  a  report.  Oeologio  investigating  and  soil  testing  to  determine 
strength  characteristics  and  moisture-density  relationships  of  proposed  borrow 
material  as  well  as  the  stress- strain  and  consolidation  characteristics  and 


A 
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strength  parameters  of  the  foundation  materials  proceed  d  while  the  General 
Design  Memorandum  was  being  prepared.  The  additional  fcundation  information 
resulted  in  a  revised  embankment.  Details  of  the  modified  design  are 
presented  in  Design  Memorandum  Ho.  7*  Soil  Data  and  Embankment  Design,  March 
1971.  In  response  to  review  oommsnts  to  DM  7  a  Supplement  presenting  the 
results  of  additional  exploration  and  tasting  of  the  foundation  shales  was 
prepared  in  Deoember  1971 .  The  outlet  works  embankment  design  snd  the  oondult 
location  were  revised  in  the  supplement.  Stage  construction  w  is  planned  to 
allow  observation  and  analysis  of  the  foundation  conditions  during  excavation 
of  the  cutoff  trench.  Advance  plans  and  specifications  for  Stage  I  were 
submitted  October  197*1.  Advance  plans  and  specifications  for  Stage  II  were 
submitted  February  1976.  Based  on  results  of  additional  testing  of  the 
Quivlra  shale  and  evaluation  of  the  foundation  conditions  during  Stage  I 
construction,  a  revised  embankment  design  was  presented  in  January  1978  in 
Design  Memorandum  Mo.  7,  Supplement  A,  Soil  Data  and  Embankment  Design.  Stage 
III  plans  and  specifications  were  submitted  April  1978. 

k-03.  Changes  In  Pro  lent  Plan.  The  following  changes  have  been  made  to 
the  project  as  planned  in  the  General  Design  Memorandum. 

a.  Top  of  Dam.  The  top  of  dam  has  bean  changed  from  Eleva.'on  953-0 
feet,  m.s.l.  to  Elevation  952.2  feet,  m.s.l.  This  change  was  the  rci  »lt  of 
modifying  the  practice  of  rounding  up  the  top  of  dam  elevation  to  an  t  van 
foot. 


b.  Conduit.  A  13.5  foot  diameter  single  horseshoe  conduit  was 
recommended  in  the  General  Design  Memorandum,  but  conduit  studies  and  comments 
on  similar  projects  indicated  that  an  oblong  conduit  be  used. 

c.  Intake  Tower.  Changes  in  the  Intake  tower  design  to  conform  with 
the  oblong  oondult  and  other  modifications  are  presented  in  Design  Memorandum 
No.  8,  Outlet  Works  and  Spillway. 

d.  Stilling  basin.  Hydraulic  stilling  basin  model  studies  for  Fort 
Scott  and  Clinton  Lakes  were  recently  oonducted  at  Waterways  Experiment 
Station  (WES).  Based  on  these  studies,  the  Hillsdale  stilling  basin  has  been 
modified  to  include  the  results  of  these  studies. 

e.  Snlllwav  control  sill.  The  spillway  control  sill  has  been 

deleted. 

f.  PfftlttH  -  In  accordance  with  EC  1130-2-75,  dated  10  August 
1970,  the  name  "Hillsdale  Reservoir"  is  changed  to  "Hillsdale  Lake.” 

g.  nt.  Investigations  subsequent  to  the  GDM  revealed  the 
Quivlra  shale  under  cl  ay  with  a  lower  shear  strength  than  assumed.  This 
resulted  in  an  embankment  design  with  flatter  slopes  to  provide  stability. 

This  redesign  resulted  in  the  embankment  presented  in  DM  No.  7,  which  proposed 
oonstruotlon  of  the  embankment,  outlet  works,  spillway  aud  toe  roads  in  one 
oontraot.  Limited  teat  data  on  the  Chanute  shale  undtrclay  resulted  in 
additional  drilling  and  tasting  after  submission  of  DM  No.  7.  The  test 
results  indicated  a  lower  residual  strength.  The  revised  strength  required 
the  1  on  6  slops  in  the  conduit  amotion  to  be  ohanged  to  1  on  8.  The  revised 
embankment  required  moving  the  tower  upstream,  however,  borings  indicated  the 
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adequacy  of  t he  bedrock  would  beooee  marginal.  This  required  a  change  In  the 
conduit  location.  The  location  was  changed  froa  being  perpendicular  to  the 
daw  axis  at  Station  113+10  to  being  skewed  9  degrees  froa  perpendicular  at 
Station  113+60.  The  proposed  one  oontraot  construction  of  the  am  ban  latent  was 
changed  to  stage  construction  to  allow  an  evaluation  of  tte  foundation 
conditions  and  any  required  changes  in  the  eabankaent  design  to  be 
aecewpllahed  prior  to  the  eabankaent  oonstruotior,.  Changes  in  design  prior  to 
oonstruotion  Include  the  following. 

(1)  i^hank»ant  section.  The  upstrewi  and  do  was  treat  eabankaent 
toes  were  sd Justed  invar-  to  provide  a  1.4  safety  factor  for  the  partial  pool 
and  steady  seepage  oases.  The  reduced  safety  factor  was  believed  to  be  appro¬ 
priate  based  on  the  conclusion  the  Quivira  underclay  was  not  continuous  or 
extensive.  The  resulting  revised  eabankaent  sections  are  shown  on  plates  65. 
66  and  67.  The  change  in  looation  of  the  toes  varies  froa  90  feet  to  140 
feet. 


(2)  Pervious .  A  change  in  the  pervious  was  aade  on  the  basis  of 
eoonoay.  A  significant  oost  savings  was  aade  by  using  50  foot  wide  pervious 
stringers  in  the  valley  section  in  lieu  of  the  continuous  blanket.  The 
inclined  pervious  slope  was  also  changed  to  1  on  1  instead  of  1  an  0.5  to 
oonserve  pervious. 

(3)  Hlprap.  An  evaluation  of  the  riprap  design  determined  that 
the  necessity  for  carrying  riprap  above  Elevation  921.0  was  marginal.  Using 
stockpiled  rock  froa  required  excavation  in  the  lower  portions  of  the 
eabankaent  instead  of  riprap  provided  a  significant  savings.  Riprap  would 
also  be  placed  on  the  top  10  feet  of  the  eabankaent.  The  revised  slope 
protection  is  shown  on  plate  16. 

(4)  Cmut  curtain,  a  change  in  the  design  of  the  grout  curtain 
as  shown  in  the  eabankaent  IX  was  aade  during  the  preparation  of  the  Stage  I 
plans  and  specifications.  The  grout  curtain  across  the  valley  floor  (Station 
79+50  through  Station  106+50)  was  eliminated.  Exploratory  borings  and 
pressure  testing  indicated  the  bedrock  strata  are  sufficiently  impermeable, 
and  that  a  grout  curtain  is  not  required  to  prevent  adverse  seepage  through 
bedrock  txiderlying  the  valley  cutoff  trench. 

(5)  Clav  blanket.  An  upstream  3  foot  thick  (CH)  clay  blanket  was 
constructed  to  Range  1000  upstreas  on  the  right  abutment.  The  blanket  prevents 
seepage  through  an  exposed  (see  plates  4  and  5)  geologic  section  froa  the 
Raytown  llaestone  to  the  Drua  limestone.  The  blanket  did  not  withstand  the 
wave  action  and  surface  runoff,  and  repair  and  protection  was  required  before 
initial  filling.  The  blanketed  area  was  protected  by  placing  filter  fabric 
over  the  blanket  followed  by  15-inch  riprap  over  the  fabric.  Protection  does 
not  extend  below  Elevation  898. 
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CHAPTER  5 


FOUNDATION  AND  EMBANKMENT  DESIGN 


5-01 .  Foundation  Investigations - 

a.  Investigations  Prior  to  Construction.  Geological  Investigations 
of  the  daasite  included  field  reconnaissance,  review  of  geologio  literature, 
analysis  of  air  photos,  survey  of  water  wells,  review  of  gas  and  oil  well  log- 
sand  exploratory  drilling.  Two  hundred  and  ninety  borings  were  Made  at  the 
daasite.  Fifty-five  were  bedrock  core  borings,  thirteen  were  ooabination 
undisturbed  and  core  borings,  and  forty-four  were  drive  borings.  Sixty-four 
drive  or  auger  borings  were  aade  in  the  borrow  areas.  Twenty-seven  bedrock 
borings  were  hydraulically  pressure  tested.  Nearly  all  the  borings  tested 
tight  but  one  boring,  C-81  accepted  16.7  gpa  in  the  weathered  upper  two  feet 
of  the  Chanute  shale.  Bedrock  cores  wfere  1-7/8,  2-1/8  and  6- inch  disaster  and 
overburden  borings  ranged  from  3  to  6-lnoh  diameter.  Nineteen  plesoaeters 
were  installed  in  the  flood  plain  to  obtain  information  on  water  level 
fluctuations. 

b.  Investigations  Purina  Conatruotlon.  During  excavation  of  the 
cutoff  trenah,  the  contractor  drilled  several  air  tract  holes  into  exposed 
bedrock  on  both  abutaents  to  determine  depth  and  extent  of  Joints  and 
weathering  in  the  Raytown  liaestone.  Several  exploratory  NX  core  holes  were 
drilled  horizontally  into  the  sloping  faces  of  the  Raytown  limestone.  They 
were  pressure  tested  and  grouted  during  Stage  I  and  Stage  II  oonstruotion. 
Government  drill  crews  drilled  135  drive  holes,  12  auger  holes,  9  NX  core 
holes,  one  combination  drive  and  oore  hole  and  10  test  pits. 

5-02.  Eahanic—  nt  Foundation. 

a.  Afeut—flfc  faction  6+0Q  to  Station  —The  right 

abutment  extends  almost  1 .4  miles  across  a  gentle  slope.  Overburden  thickness 
ranges  from  5  to  25  feet,  consisting  primarily  of  residual  fat  day  with  a 
lesser  amount  of  lean  clay  and  minor  amounts  of  sandy  and  silty  olays.  Hater 
contents  range  from  14  to  31  percent.  Liquid  limits  as  high  as  the  low 
seventies  are  common.  Bedrock  units  immediately  underlying  the  overburden  are 
as  follows  by  approximate  stationing:  Lane  shale  from  Station  6+00  to  42+00, 
Raytown  limestone  from  Station  42+00  to  63+00,  Paola  limestone  from  sta.  63+00 
to  74+00,  and  the  Chanute  Shale  from  Station  74+00  to  79+00.  The  thin  Muncie 
Creek  Shale,  less  than  0.5  feet  thick,  lies  atratigraphloally  between  the 
Raytown  and  Paola  limestones  and  oontacts  the  overburden  for  an 
insignificant  horizontal  dlatanoe  at  Station  63+00.  Overburden-shale  oontacts 
are  in  general,  transitional.  Weathering  in  the  form  of  staining  extends  as 
much  as  10  feet  Into  shales  and  sandstone  but  depth  to  firm  rock  is  generally 
within  5  feet  of  the  shale  surfaces  and  slightly  less  in  sandstone.  In 
limestone,  weathering  in  the  fora  of  partially  clay-filled  and  open  bedding 
planes  and  Joints  extends  to  a  depth  of  7  feet  and  oooaslonally  deeper.  Where 
the  llmestonas  are  extremely  weathered,  oobblee,  boulders,  plnnaoles  and 
■float*  rook  have  developed  to  a  thickness  of  3  to  4  feet.  Raytown  and  Paola 
limestones  and  a  sandstone  phase  or  the  Chanute  Shale  crop  out  along  the  Big 
Bull  Creek  valley  wall  Just  upstream  of  the  damsite,  with  the  Drum  liaestone 
appearing  farther  upstream.  These  bedrock  strata,  except  the  Drum  liaestone, 
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are  also  exposed  along  soott  Branch  aa  It  flows  roughly  parallel  to  the  dan 
axlo  1,000  to  2,000  feet  upstream.  The  location  and  elevation  of  these 
outcrops,  all  below  flood  pool  elevation,  dictate  the  grout  curtain  liaits  in 
the  right  abutaent. 

b.  Valiev  (Station  79+00  to  Station  106+00),  —The  valley  overburden 
oonaiats  of  alluviua  froa  22  to  30  feet  thick.  Lean  and  fat  clays  pre- 
doainate,  although  up  to  3  feet  of  clayey  gravelly  sand  ooaaonly  overlies  the 
bedrook  surface.  Water  contents  of  the  day  generally  range  in  the  twenties 
and  low  thirties,  while  the  wata*  content  of  the  basal  gravelly  sand  material 
range  froa  15  to  45  percent.  Liquid  Halts  of  the  fat  clay  range  up  to  63. 
Borings  and  outoff  trench  excavation  indicate  that  the  bedrook  surface 
underlying  the  valley  alluviua  is  ooaparatively  level  with  a  gentle  increase 
in  apparent  dip  toward  the  left  abutaent.  With  one  exception,  ( UC-51 )  bedrock 
borings  encountered  weathered  Drua  11  neat one  underlying  the  alluvium  in  the 
valley  eabanloaent  area.  At  boring  UC-51 ,  located  about  250  feet  upstream  of 
eta.  80+00,  the  Qulvlra  Shale  foraa  the  bedrock  surface.  Weathering  in  much 
of  the  Drua  llaeatone  has  opened  oloaely  spaced  (0.2  foot)  wavy  shale  partings 
and  vertical  joints  in  the  valley  while  the  bedrock  Joints  in  the  abutments 
remain  tight  and  indlstlnot.  In  some  instances  the  weathering  has  extended 
through  the  4  ±  foot  thick  Drua  limestone  into  the  top  of  the  Qulvlra  Shale. 

A  thin  ooal  seaa  or  very  carbonaceous  shale  (0.5  ±  foot  thick)  with 
associated  shale  underolay  occurs  within  the  upper  4  feet  of  the  Qulvlra 
shale.  This  soft  shale  underday  has  occasional  very  soft  partings  and  bands. 
Direct  shear  ( 3)  tests  indicate  that  the  soft  shale  is  weak.  It  is  concluded 
that  the  "week"  zone  is  probably  not  continuous  or  extensive  based  on  detailed 
evaluation  during  the  excavation  of  the  cutoff  trench. 

o.  Left  Abutment  (Station  106+00  to  Station  121+40).  —Overburden  in 
the  left  abutment  la  residual  soil  except  for  the  alluviua  in  the  lower 
portion  adjacent  to  Little  Bull  Creek.  Thickness  of  the  overburden  ranges 
from  7  to  28  rest  and  oonaiats  prlaarlly  of  lean  and  fat  clays.  Two  to  3  feet 
of  dayey  sand  ooaaonly  occurs  directly  overlying  the  bedrock  surfaoe  when 
thla  aur'aoe  11  the  Chanuta  shale.  Water  oontents  of  the  overburden  range 
from  19  to  41  percent.  Liquid  limits  of  the  overburden  are  generally  below 
60.  Pzdrook  units  immediately  underlying  the  overburden  are  as  rollows  along 
with  apprcxlamte  stationing:  Chanuta  shale  from  sta.  106+00  to  111+70,  Paola 
lime  atoms  from  Station  111+70  to  112+20,  Baytown  limestone  from  Station  112+20 
to  (16+00,  and  the  Lane  shale  from  Station  116+00  to  121+40.  The  thin  Munele 
Criek  shale,  less  than  0.5  foot  thiok,  will  oontact  the  overburden  for  an 
ir aignlf leant  horizontal  distance  at  approxlamte  Station  112+20.  Weathering 
li  limestone ,  ehalee  and  sandstones  la  as  described  for  the  right  abutment  in 
raragraph  5-02. a. 

5-03.  W>a*‘lftail‘»  Samples  taken  from  the  foundation  and  the 

borrow  areas  were  tested  in  the  laboratory  to  establish  soil  parmieters 
necessary  for  the  design  of  the  embankment.  In  general,  disturbed  samples 
obtained  from  the  borrow  areas  ware  used  for  remolded  testing  and  samples 
taken  from  the  foundation  were  used  for  undisturbed  testing.  Identification 
and  classification  teats  were  run  routinely  on  Jar  samples  from  both  areas. 
During  construction,  record  oontrol  samples  were  tested  to  determine  the 
aotmal  oharaotarlstlos  of  the  in-place  fill.  The  laboratory  tests  were 
performed  in  general  accordance  with  Bt  1110-2-1906,  "Laboratory  Soils 
Testing. ■ 
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a.  Refolded  Taata.  Baaed  on  the  reaulta  of  the  classification  teats 
on  jar  samples,  composites  were  made  froa  aacka  of  similar  material. 

R Molded,  direot  abear  *S»,  and  trlazlal  unoonsolldated-undralned,  *Q»,  and 
oonaolidated-undrained,  "R*,  tests  were  performed  on  these  ooaposltea. 

Standard  oompaotlons  were  oonduoted  prior  to  the  strength  teats  to  obtain  the 
aolsture  oontent  versus  dry  density  relationships.  The  reaulta  from  these 
oompaotion  teats  are  presented  on  Plate  46.  The  test  specimens  were  recon¬ 
stituted  by  kneading  oompaotion  to  dry  densities  of  95  percent  of  Mxlaua  and 
at  aolsture  contents  ranging  froa  2.8  peroent  below  optlaua  to  4.8  percent 
above  optlaua.  Specimens  were  tested  inaedlately  so  as  not  to  allow  a 
thixotropic  strength  gain. 

(1)  Remolded  Trlaxlal  Compression  Teats.  The  remolded  triaxlal 
test  speolaens  were  constructed  by  kneading  eight  lifts  of  soil  Into  a  split 
aold  and  scarifying  between  eaoh  lift.  Nominal  speciaen  dimensions  were 

1 .4  Inch  diameter  by  3  inoh  height.  Both  *Q*  and  »R»  tests  were  performed  at 
confining  pressures  ranging  froa  0.5  to  4.0  t.s.f.  The  points  on  the  Mohr 
olroles  used  to  define  the  strength  envelopes  were  the  stresses  on  a  60  degree 
plane  at  failure.  Failure  was  sssuaed  to  ooour  at  15  percent  strain  if  the 
deviator  stress  had  not  peaked  beforehand.  A  summary  of  the  remolded  trlaxlal 
"Q"  and  "R"  tests  Is  presented  on  Plate  47. 

(2)  Remolded  Direct  Shear  *S11  Tests.  The  direct  shear  specimens 
were  made  by  kneading  the  material  Into  a  3.0  or  3.5  Inch  square  box  to  a 
thickness  of  0.5  inoh.  A  summary  of  test  results  used  in  Design  Memorandum 
No.  7  Is  presented  on  Plate  46.  During  construction,  additional  remolded 
direot  shear  tests  were  performed  on  borrow  area  material.  The  results  of 
these  additional  tests  supported  the  original  strength  envelope.  The 
compaction  tests  that  accompany  these  additional  shear  tests  are  shown  on 
Plate  77,  and  the  aotual  shear  test  results  are  on  Plates  78  and  79. 

b.  Undisturbed  Testa.  Undisturbed  samples  (discussed  in  para¬ 
graph  5-01 .a.)  from  both  the  foundation  overburden  and  the  bedrock  were  tested 
in  the  laboratory.  All  test  specimens  were  hand  trimmed  in  a  humidity 
controlled  room  to  minimize  disturbance  and  moisture  loss. 

( 1 )  Foundation  Overburden.  The  foundation  overburden  samples 
were  used  for  consolidation,  direct  shear,  and  trlaxlal  "Q"  and  "R*  tests. 

(a)  Trlaxlal  tests.  Trlaxlal  test  specimens  were  generally 
tested  in  sets  of  3,  each  at  a  different  confining  pressure.  They  were 
trimmed  so  that  all  three  specimens  were  froa  the  same  layer.  Speciaen 
dimensions  were  1.4  Inch  diameter  by  3-lnoh  height.  The  points  on  the  _ 

Mohr  Circle  with  normal  stresses  of  ^ and  shearing  stresses  of  ^g 
were  used  to  define  the  strength  envelope.  Summaries  of  foundation  over¬ 
burden  strengths  are  presented  on  Plates  50  and  51 . 

( b)  Direot  Shear  "S*  Tests.  The  direct  shear  test  specimens 
were  trimmed  Into  3«5  inch  square  shear  boxes  to  a  height  of  0.5  inoh.  Some 
of  the  teats  ware  performed  on  a  direot  shear  machine  capable  of  shearing  the 
specimen,  then  reversing  the  direction  of  shear  180  degrees,  and  shearing  the 


specimen  again  without  releasing  the  normal  load  in  the  process.  In  order  to 
obtain  the  strength  at  large  strain,  this  procedure  was  repeated  with  no 
reduction  in  shear  strength  occurred  from  additional  shearing.  A  summary  of 
foundation  overburden  *S»  strengths  is  presented  on  Plate  49. 

(2)  Foundation  Shales.  Only  "S»  strengths  were  used  for  shales 
in  the  design.  Both  the  Chanute  shale  and  the  Quivira  shale  were  tested  for 
shear  strength  along  the  bedding  planes  and  across  the  bedding  planes.  The 
results  of  these  shear  tests  performed  for  Design  Memorandum  No.  7  are 
presented  on  Plate  57.  It  was  felt  that  additional  testing  was  required  to 
support  the  design  strengths  used  for  the  shale  underclays,  so  additional 
direct  shear  and  "R"  teats  were  performed  and  presented  in  two  supplements  to 
Design  Memorandum  No.  7.  The  summary  of  test  results  from  the  first 
supplement  is  shown  on  Plate  57.  and  the  summary  from  the  second  supplement 
(Supplement  A)  is  shown  on  Plate  58.  Although  these  additional  tests  resulted 
in  decreasing  the  residual  strength  for  the  Chanute  shale,  they  indicated  peak 
strengths  for  the  Quivira  shale  to  be  significantly  higher  than  those  used  in 
Design  Memorandum  No.  7.  For  design  calculations  the  original  "S"  strength 
was  used  even  though  the  additional  tests  showed  it  to  be  very  conservative. 
For  stability  analyses  performed  for  this  report,  it  was  believed  that  a 
revised  strength  envelope  drawn  such  that  one-third  of  the  test  results  were 
below  it  and  two-thirds  were  above  it  was  more  appropriate. 

c.  Record  Control  Testa.  Record  control  samples  taken  during 
construction  were  used  for  determining  the  in  place  shear  strength  of  the 
fill.  Triaxial  ■S3*,  "R",  and  *R"  and  direct  shear  tests  were  performed  on 
these  samples . 

(i)  IrlMHal  -Q"  I  beta.  The  "Q"  test  specimens  were  trimmed 
from  reoord  control  samples  in  pairs;  one  was  tested  at  a  confining  pressure 
of  3,0  t.s.f.  and  the  other  at  6.0  t.s.f.  Although  the  specimens  were  not 
100  percent  saturated,  the  strength  envelopes  were  chosen  with  tgn  0  =  0. 

For  the  saturated  condition,  the  point  on  the  Mohr  circle  corresponding  to 
the  stresses  on  the  failure  plane  coincides  with  the  point  of  intersection 
with  a  line  drawn  tangent  to  the  circles.  This  is  the  point  that  was  used  in 
defining  the  strength  envelope.  It  has  a  normal  stress  value  of  r>  £  ** 
and  a  shearing  stress  value  of  g  ^  .  A  summary  of  record  control  "Q" 

test  results  is  shown  on  Plates  80  and  8l.  and  the  indvidual  test  results  are 
shown  on  Plates  88  through  103. 


(2)  Trlavlal  »8»  Teats.  The  reoord  control  "R"  test  specimens 
were  generally  tested  in  pairs  with  one  consolidated  at  3.0  t.s.f  and  the 
other  at  6.0  t.s.f.  The  Design  Memorandum  No.  7  constructed  the  strength 
envelope  through  the  points^coppes ponding  to  a  normal  stress  of  3  'A 
and  a  shearing  stress  of  — g  J  for  undisturbed  "R"  tests.  A  summary  of 

reoord  control  "R"  test  results  prepared  in  this  manner  is  presented  on  Plates 
82  and  83.  This  method  of  constructing  the  envelope  appears  to  be 
inconsistent  with  the  way  it  is  used  for  slope  stability  calculations.  It  is 
felt  that  a  more  appropriate  method  is  to  plot  the  point  of  shear  strength  at 
failure  on  the  plane  of  failure,  against  the  effective  normal  consolidation 
stress  on  the  failure  plane.  A  summary  of  test  results  prepared  in  this 
manner  is  shown  on  Plates  84  and  85,  and  the  individual  tests  are  presented  on 
Plates  104  through  119. 


(3)  Trlaxlal  *fi»  and.  Direct  Shear  Teats.  Four  *R"  tests  were 
run  on  record  control  samples .  These  R  tests  yielded  nearly  the  sane  results 
as  a  drained  direct  shear  test  by  considering  the  effective  stresses  on  a  60 
degrees  failure  plane.  A  sunnary  of  "S*  strengths  fron  both  drained  direct 
shear  and  trlaxlal  *5"  is  shown  on  Plates  86  and  87.  and  the  individual  "R» 
and  direct  shear  tests  are  shown  on  Plates  120  through  136. 

e.  Identification  of  Dispersive  Clave.  After  construction,  two  areas 
of  the  spillway  were  sanpled  because  they  exnibited  dispersive  behavior. 

Three  types  of  tests  commonly  used  to  identify  dispersive  clays  were  performed 
on  these  sanples.  The  tests  included  the  lab  dispersion,  pinhole  erosion,  and 
oheaical  pore  water  analysis  (S  Na. ).  These  teats  indicated  that  one  area  was 
dispersive  while  the  other  was  not.  The  test  results  are  presented  on  Plates 
151A  and  151B. 

5-04.  Babanina  ant.  For  purpose  of  embankment  design,  the  dam  was  divided 
into  six  reaches  because  of  the  various  foundation  conditions  that  exist 
across  the  valley.  Embankment  sections  are  shown  on  Plates  13  and  14. 

a.  Upper  Right  Abutment  ( Station  6+10  to  Station  60+001.  The  height 
of  the  embankment  in  this  reach  varies  from  0  to  21  feet.  The  relatively  flat 
1  on  6  slopes  were  designed  for  aesthetic  reasons  rather  than  slope  stability. 
The  embankment  with  seeded  slopes  requires  little  maintenance  and  blends  in 
with  the  natural  surroundings.  This  portion  of  the  embankment  is  not  zoned,  it 
is  constructed  of  compacted  clay  and  shale  from  the  spillway  excavation. 

Hater  will  be  against  the  upstream  slope  only  at  very  infrequent  intervals 
(once  in  excess  of  50  years),  and  then  only  for  a  few  days  at  a  time.  The 
embankment  with  seeded  slopes  requires  little  maintenance  and  blends  in  with 
the  natural  surroundings.  An  inspection  trench  extends  from  Station  6+10  to 
Station  43+75  under  the  embankment.  A  cutoff  trench  to  the  lower  shale  seam 
of  the  Raytown  limestone  exists  from  Station  43+75  to  Station  56+55.5.  The 
Raytown  limestone  on  the  downstream  side  of  the  cutoff  trench  was  covered  with 
a  filter  material  and  a  pervious  blanket.  The  1  on  6  slopes  transition  to  1 
on  4  slopes  from  Station  56+00  to  Station  60+00.  Downstream  pervious  blanket 
begins  at  Station  59+00  with  the  pervious  extending  all  the  way  to  the  toe 
between  Station  59+00  and  Station  60+00.  Riprap  slope  protection  on  the 
upstream  slope  starts  at  Station  56+00. 

b.  Lamm  Right  Abutment  XStattoa-fifl±flfl-tfl.  Station  BltflO)..  The  height 
of  the  embankment  varies  from  21  feet  to  100  feet  in  this  reach.  It  includes 
the  Big  Bull  Creek  channel  where  closure  was  made.  The  embankment 
transitions  from  Station  60+00  to  Station  64+00  where  the  upstream  slope  is  1 
on  3  from  the  top  of  dam  to  Elevation  928.2  and  1  on  10  to  the  ground  surface. 
The  downstream  slope  is  1  on  3  from  top  of  dam  to  elevation  925.8  and  1  on  12 
to  the  ground  surface.  From  Station  73+00  to  Station  81+00  the  upstream  1  on 
10  slope  extends  to  Elevation  900.2  and  continues  on  a  1  on  4  slope  to  the 
ground  surface.  The  downstream  1  on  12  slope  extends  to  elevation  900.7  and 
oontinues  on  a  1  on  4  to  the  ground  surface  from  Station  73+00  to  Station 
87+00.  The  primary  design  consideration  in  this  reach  was  the  Quivlra  shale 
underolay.  The  absence  of  Drum  limestone  over  a  portion  of  this  reach 
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reduoed  slope  stability  and  required  a  larger  seotion  than  elsewhere.  Design 
of  this  seotion  was  based  on  the  conclusion  that  the  "weak"  zone  in  the 
Quivira  shale  underolay  was  not  continuous.  This  section  was  designed  to 
provide  a  faotor  of  safety  of  1.4  for  the  steady  seepage  and  partial  pool 
slope  stability  oases. 

o.  Main  Tallev  (Station  81+00  to  Station  06+301.  The  height  of  the 
embankment  in  tais  reach  is  approximately  75  feet.  This  reach  contains  the 
Stage  I  embankment  (See  Plate  6  for  limits  of  Stage  I  embankment)  constructed 
from  cutoff  trench  and  outlet  works  excavation.  The  Stage  I  embankment  was 
conatruoted  prior  to  the  completion  of  design  of  the  rest  of  the  embankment. 
The  upstream  slope  is  1  on  3  from  top  of  dam  to  Elevation  928.2,  a  1  on  10  to 
Elevation  918*2,  a  20  foot  flat  seotion  at  Elevation  916.2  from  range  2+07  to 
range  2+27,  1  on  10  to  Elevation  892.2,  and  1  on  4  to  the  ground  aurfaoe.  The 
flat  seotion  was  the  result  of  inadvertently  specifying  that  the  Stage  1 
embankment  be  constructed  to  the  grade  line  of  the  top  of  the  riprap  rather 
than  the  bottom  of  the  riprap.  The  Stage  I  embankment  was  overbuilt  by  two 
feet,  the  thickness  of  the  slope  protection,  requiring  a  20  foot  flat  section 
in  the  1  on  10  slope.  The  downstream  slope  is  1  on  3  from  top  of  dam  to 
Elevation  925*8,  1  on  12  to  Elevation  905*7,  and  1  on  4  to  the  ground  surface. 
The  Quivira  shale  which  was  underclay  was  the  primary  design  consideration  In 
this  reach.  The  Stage  I  embankment  was  designed  assuming  there  was  a  low 
strength  zone  in  the  Quivira  Shale  continuous  across  the  valley.  The 
conclusion  that  this  was  not  the  case  was  made  after  the  Stage  I  embankment 
was  constructed.  Therefore,  the  upstream  toe  of  this  reach  extends  further 
upstream  than  the  redesigned  sections  where  the  toes  were  adjusted  inward. 

d.  Little  Bull  Area  (Station  96+30  to  Station  111+70).  The  height  of 
the  embankment  in  this  reach  la  approximately  75  feet*  The  upstream  slope  is 

1  on  3  from  top  of  dam  to  Elevation  928.2,  1  on  10  to  Elevation  905.2,  and  1 
on  4  to  the  ground  surface.  The  downstream  slope  is  1  on  3  to  Elevation 
925*8,  1  on  12  to  Elevation  905*7,  and  1  on  4  to  ground  surfaoe.  The  founda¬ 
tion  overburden  "Q"  and  "H"  strengths  are  lower  in  this  reach  than  in  the  main 
valley.  Also  a  zone  of  fat  clay  with  a  slightly  lower  "S"  strength,  which  is 
present  in  the  main  valley,  is  not  present  in  the  Little  Bull  area.  The 
differences  proved  to  be  of  little  consequence  in  the  design  of  the  section. 
The  lower  "Q"  strengths  resulted  in  a  construction  halt  at  Elevation  927. 

•*  Conduit  Section  (Station  111+70  to  11^+701 .  The  conduit,  stilling 
basin,  and  intake  structure  are  founded  on  Chanute  shale.  The  upstream  slope 
is  1  on  3  from  top  of  dam  to  Elevation  928.2,  1  on  8  to  Elevation  898.2,  and  1 
on  4  to  the  ground  surface.  The  downstream  slope  is  1  on  3  from  top  of  dam  to 
elevation  925.8,  1  on  8  to  the  service  road,  1  on  3  to  Elevation  861,  and  1  on 

2  to  the  ground  surface.  The  steeper  embankment  sections  in  the  conduit  are 
possible  because  an  all  impervious  and  pervious  section  is  used  and  the 
Quivira  Shale  lies  below  a  much  more  competent  Drum  limestone  and  part  of  the 
Chanute  Shale.  The  Chanute  Shale  contains  caloareous  siltatone  and  sandstone 
and  tests  indicate  a  high  orossbed  shear  strength.  The  width  of  the  conduit 
seotion  and  transition  sons  is  300  feet.  The  outlet  works  are  not 
perpendioular  to  the  dam  axis  therefore  the  oonduit  section  and  transitions 
are  at  different  locations  upstream  and  downstream.  The  primary  design 
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consideration  in  this  reach  was  the  Chanute  shale  underclay.  Because  of  the 
large  difference  between  the  peak  and  residual  values  for  the  "S*  strength  not 
all  factors  of  safety  were  above  1.0  using  residual  strengths.  The  stability 
was  considered  adequate  because  design  strengths  were  conservatively  picked 
and  an  analysis  based  on  residual  strengths  is  Inherently  conservative. 

f.  Left  Abutment  (Station  113+70  to  Station  120+351.  The  height  of 
the  embankment  in  this  reach  varies  from  67  feet  to  0  feet.  The  upstream 
slope  is  1  on  3  from  top  of  dam  to  elevation  928.2,  1  on  8  to  elevation  898.2, 

and  1  on  4  to  the  ground  surface.  The  downstream  slope  is  1  on  3  from  top  of 

dam  to  elevation  929.0,  1  on  8  to  the  service  road,  and  1  on  3  to  the  ground 
surface.  Between  Station  114+70  and  115+70  the  impervious  section  transitions 
into  a  zoned  section  with  a  random  and  berm  zone.  The  upper  breakpoint  was 
raised  and  the  slopes  steepened  to  accomodate  foundation  conditions  that  are 
somewhat  different  in  this  reach. 

5-05.  Zoning.  The  zoning  of  the  embankment  was  selected  to  make 
maximum  use  of  materials  from  required  excavations  and  to  minimize  the  need 
for  material  from  commercial  souroes,  and  to  satisfy  the  requirements  for 
stability  and  seepage  control. 

a.  Impervious .  A  central  impervious  zone  is  used  across  the  valley. 

This  zone  is  larger  than  necessary  to  oontrol  through  seepage  and  is  so  sized 

because  impervious  material  la  readily  available.  Impervious  consisted  of  CL 
and  CH  overburden  material  as  based  on  the  Unified  Soil  Classification  System 
in  accordance  with  Waterways  Experiment  Station  Technical  Memorandum  3-357. 
Impervious  upstream  of  the  dam  axis  contains  less  than  5  percent  gravel. 

Shale  material  was  not  permitted  for  impervious.  Compaction  requirements  were 
at  least  95  percent  of  maximum  dry  density  as  determined  by  the  standard 
effort  compaction  test  described  in  EM  1110-2-1906.  Placement  moisture 
contents  were  limited  to  a  range  of  3  percent  above  optimum  to  2  percent  below 
optimum. 


b.  EflrvlPUa.  An  inclined  drain  downstream  of  the  impervious  core  and 
a  horizontal  blanket  with  stringers  extending  to  the  downstream  toe  were 
designed  to  intercept  seepage  through  the  embankment  and  control  seepage  as  It 
exits  the  downstream  portion  of  the  embankment.  The  downstream  blanket 
extends  from  Station  59+00  to  Station  120+30  and  is  continuous  to  Range  1+00 
downstream.  Stringers  50  feet  wide  and  3  feet  thick  extend  to  the  toe  at 
Stations  90+00,  95+00,  100+00,  and  105+00.  The  blanket  is  continuous  on  the 
left  abutment  from  Station  111+70  to  Station  120+30.  The  blanket  Is 
continuous  on  the  right  abutment  from  Station  59+00  to  the  top  of  the  left 
stream  bank  of  Big  Bull  Creek  extending  to  the  oenterline  of  the  existing 
gully  or  downstream  toe.  There  is  also  a  pervious  drain  on  the  downstream 
side  of  the  cutoff  trenoh  which  is  burled  from  Station  44+82  to  Station  75+00 
on  the  right  abutment  and  from  Station  116+00  to  Station  118+88  on  the  left 
abutment.  From  Station  75+00  to  Station  116+00  the  inclined  drain  in  the 
cutoff  trench  is  brought  up  to  the  pervious  blanket.  The  inclined  drains  have 
a  minimum  horizontal  thickness  of  6  feet  and  the  blanket  has  a  minimum 
thickness  of  3  feet.  A  one  foot  thick  crushed  stone  filter  was  placed  between 
the  pervious  drain  in  the  cutoff  trench  and  the  face  of  the  Drum  Limestone  and 
Iola  Formation  where  Joints  up  to  1/2  inch  width  existed.  Compaction 
requirement  was  a  minimum  relative  density  of  70  percent. 
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o.  ibUhlfim*.  Bandon  zones  were  provided  for  use  of  sandy  or  gravelly 
aateriale.  Random  naterlal  consists  of  overburden  material,  except  OH,  Pt, 

MH,  and  OL.  Materials  with  liquid  liait  above  60  were  not  allowed  in  the 
randoa  zone.  11  so  shale  aaterials  were  not  pernitted.  Compaction  and 
moisture  control  were  the  same  as  impervious. 

d.  Barms.  Berms  consist  of  shale  and  other  material  from  required 
excavation  which  was  unsuitable  or  in  excess  of  the  requirements  for 
impervious  and  random.  The  outer  portion  of  the  upstream  berm  was  constructed 
with  CH  material. 

5-06.  Seepage  Control.  By  using  embankment  zoning,  a  cutoff  trench,  and 
a  grout  ourtain,  through  seepage  and  underseepage  will  be  controlled  to 
prevent  excessive  water  loss  and  to  Insure  the  safety  of  the  embankment. 

a.  Through  -Seepage.  Through  seepage  will  be  controlled  by  the 
combination  of  the  impervious  core  and  pervious  drain.  The  impervious  core 
will  keep  the  quantity  of  through  seepage  small.  The  pervious  drain  will 
Intercept  any  seepage  that  exits  from  the  downstream  face  of  the  impervious 
core.  This  will  insure  that  the  phreatic  line  will  remain  well  within  the 
embankment  and  will  not  adversely  affect  the  stability  of  the  downstream 
slope. 


b.  nndaraeenngft .  Underseepage  will  be  controlled  by  a  cutoff  trench 
across  the  valley.  The  cutoff  trench  was  excavated  through  the  Drum  limestone 
across  the  valley.  Pressure  tested  borings  into  the  bedrock  strata  below  the 
cutoff  trench  substantiate  the  strata  are  sufficiently  Impervious  to  prevent 
adverse  seepage  through  the  bedrock  underlying  the  cutoff  trench.  The  bedrock 
in  the  valley  is  overlain  by  15  feet  or  more  of  clay  for  more  than  a  mile  up 
and  downstream  of  the  dam  axis.  An  inclined  pervious  zone  exists  on  the 
downstream  side  of  the  cutoff  trench  to  intercept  any  underseepage  and  to  act 
as  a  filter  to  prevent  piping  of  the  impervious  material. 

c.  Abutment  Seepage.  Seepage  through  the  abutments  will  be 
controlled  by  the  ourtain  grouting  and  the  upstream  clay  blanket  on  the  right 
abutment.  The  cutoff  trench  was  excavated  into  sound  bedrock  from  Station 
43+75  to  Station  79+50.  The  outoff  trench  extends  to  Station  121+00  on  the 
left  abutment.  Some  seepage  through  the  abutments  is  possible,  however  such 
seepage  will  not  adversely  affect  the  safety  of  the  project  because  any  flow 
would  have  lengthy  seepage  paths  through  rock  formations. 

d.  Grouting.  Grouting  verified  that  bedrock  units  are  tightly 
Jointed  and  relatively  impermeable.  Out  of  500  holes  drilled  in  the  right 
abutment,  grout  was  lnjeoted  into  12  holes.  Most  of  the  grout  was  injected 
into  a  sandstone  lense  in  the  Chanute  shale.  In  the  left  abutment  grout  was 
injected  in  11  of  202  holes  drilled.  Most  of  the  grout  was  injected  into  the 
limestones.  Approximately  280  sacks  of  grout  were  injected  into  bedrock. 

5-07.  SalflSfcflti  PflBlgfl  Jilraagtha.  In  selecting  design  values,  stress 
strain  compatibility,  the  relationship  of  maximum  shear  strength  to  ultimate 
shear  strength,  the  number  of  tests,  the  nature  of  the  material,  and  the 
looatlon  of  the  material  with  respect  to  potential  failure  surfaces,  were  all 
considered. 
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Adopted  Foundation  Strength 


( 1 )  Foundation  Overburden.  The  foundation  overburden  was  divided 
Into  different  reaohes,  and  In  the  naln  valley  the  overburden  was  divided  by 
layers  of  lean  and  fat  clay. 

(a)  "Q*  strength.  For  the  abutments,  a  design  ”Q*  shear 
strength  of  C  s  0.90  t.s.f. ,  tan  0  a  0  was  used.  For  the  naln  valley,  a 
design  "Q"  shear  strength  of  C  ■  0.20  t.s.f.,  tan  •  >  0.20  was  used  for  normal 
stresses  up  to  3  t.s.f.,  and  C  ■  0.80  t.s.f.,  tan  0  ■  0  for  noraal  stresses 
above  that.  For  the  Little  Bull  area,  a  design  aQ"  shear  strength  of  C  *  0.1 
t.s.f.,  tan  0  =  0.10  was  used  for  noraal  stresses  up  to  3  t.s.f.,  and  C  *  0.40 
t.s.f.,  tan  0=0  for  noraal  stresses  above  that.  Foundation  aQ"  strengths 
are  suasarized  on  Plate  50. 

(b)  aRa  strength.  For  the  abutaents  and  naln  valley,  a 
design  aRa  strength  of  C  =  0.3  t.s.f.,  tan  0  =  0.20  was  used.  For  the  Little 
Bull  area,  a  design  aR"  strength  of  C  s  0,1  t.s.f.,  tan  0  =  0.2  was  used. 
Foundation  "R"  strengths  are  sumiarized  on  Plate  51 . 

(o)  "Sa  strength.  For  the  abutaents,  a  design  ”Sa  shear 
strength  of  C  =  0,  tan  0  =  0.35  was  used.  For  lean  clays  in  the  valley,  a 
design  aSa  shear  strength  of  C  =  0,  tan  0  ■  0.45  was  used.  And  for  fat  days 
in  the  valley,  CM,  tan  0  =0.35  was  used.  Residual  aSa  strengths  of  C  =  0, 
tan  0  =  0.25,  0.30,  and  0.25  were  also  used  for  these  respective  cases. 
Foundation  aSa  strengths  are  suaaarized  on  Plate  49. 

(d)  Residual  strengths.  Although  "residual*  (large  strain) 
aSa  shear  strengths  based  on  test  results  for  the  foundation  days  were  used 
in  the  stability  studies  In  OH  7,  an  examination  of  the  safety  factors  and 
corresponding  failure  planes  show  the  Quivlra  underclay  to  be  the  dominant 
factor.  The  critical  failure  planes  are  in  each  case  along  the  Quivlra  and 
ody  cross  through  the  foundation  days.  Since  the  foundation  days  are 
alluvial  deposits  they  have  been  basically  deposited  horizontally.  The 
residual  "S"  shear  tests  on  these  materials  were  conducted  along  a  horizontal 
orientation  also.  As  in  the  case  of  sedimentary  rooks  the  horizontal  shear 
strength  la  _»nerally  less  than  the  "cross  bed”  shear  strength.  It  is 
reasonable  to  assume  this  would  be  vdid  for  the  subject  foundation  days 
also.  Therefore,  on  the  basis  of  orientation  and  the  shorth  length  of  the 
oritical  failure  planes  in  the  foundation  clays  the  peak  shear  strengths  in  DM 
7  were  used  in  the  stability  studies  with  residual  strengths  for  the  Quivlra 
shale. 


(2)  Foundation  shales.  The  shear  strengths  used  for  the  Qulvira 

shale  in  the  original  design  were  a  peak  strength  of  tan  0  =  0.21  and  a 

residual  strength  of  tan  0  =  0.13.  These  strengths  were  based  on  the  results 

of  drained  direct  shear  tests  performed  during  the  preparation  of  the 
embankment  Design  Memorandum.  Limited  test  data  were  available  as  a  basis  for 
these  design  strengths,  but  it  was  believed  that  these  were  the  ody  tests 
representative  of  a  possible  weak  or  soft  zone  in  the  Quivlra  Shale  underday. 
In  later  testing  performed  from  samples  obtained  during  exploratory  work  at 
the  time  the  outoff  trench  was  exoavated,  only  one  test  with  a  peak  strength 
of  tan  0  =  0.20  approaohed  the  original  peak  design  strength.  All  other  test 
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results  were  significantly  higher.  The  test  date  a useary  is  presented  on 
pistes  57  sad  58.  After  extensive  exploration  and  testing  failed  to 
substantiate  a  continuous  low  strength  zone  in  the  Qulvira  Shale  underolay  a 
very  conservative  peak  strength  of  tan  0  s  0.21  was  not  changed,  instead, 
redesign  of  the  asbanknent  used  a  reduced  safety  faotor  requiresent.  The 
testing  of  the  Qulvira  shale  had  been  directed  at  determining  the  strength  of 
the  suspected  soft  zone  in  the  underolay,  thus  only  the  softer,  worst  oase, 
sanples  ware  tested.  Since  the  zone  is  discontinuous  the  residual  shear 
strength  conditions  should  not  exist.  Because  of  the  discontinuity  of  the 
soft  zone  and  the  fact  that  the  test  program  produced  conservative  strength 
values  a  design  strength  for  analyses  conducted  for  this  report  was  seleoted 
such  that  two-thirds  of  the  test  values  exceed  the  design  value.  The  seleoted 
strength  value  was  tan  0  =  0.37. 


b.  Adopted  Babanknent  strength..  The  strengths  of  the  impervious, 
randon,  and  pervious  ware  asauaed  to  be  the  sane  during  design.  The  higher 
strength  of  the  pervious  zone  was  ignored  to  siaplify  stability  analysis.  A 
design  »Q«  strength  of  C  =  0.70  t.s.f.,  tan  0  -  0.0;  a  design  »R»  strength  of 
C  =  0.20  t.s.f..  Us  0=0.18;  a  design  "S"  strength  of  C  =  0,  tan  0  =  0.45  was 
used.  The  "Q*  and  *R"  strengths  correspond  to  the  strength  envelopes  through 
points  on  the  Mohr  oirole  representing  stresses  on  the  failure  plane.  Record 
control  testing  during  construction  indicated  the  design  strengths  were 
conservative.  The  design  strengths  ware  obtained  froa  testing  renolded  test 


specimens  froa  the  borrow  areas.  The  prepared  speolaens  ware  ooapaoted  to 


95  peroent  which  was  the  ainiaun  condition  allowed  in  the  field.  Material 


ooapaoted  to  higher  dry  densities  and  dry  of  optiaua,  representing  the  aotual 


field  condition,  should  have  higher  strengths.  A  sunnary  of  the  record 


oontrol  test  data  la  presented  in  the  following  table. 
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TABLE  2 


Record  Control  Testa 


HILLSDALE  R.C.  TESTS 


Material  of  taf  tan  t  o.  taf  tan  B  o,  taf  LflB  t  o.  taf  tan  fl 

Rt.  Abut 


Impervious  Zone 

1.45 

0.00 

0.65 

0.24 

0.62 

0.20 

0.00 

0.46 

Rt.  Abut. 

Random  Zone 

1.43 

0.00 

0.66 

0.22 

0.58 

0.20 

0.0 

0.46 

Main  Talley 

Impervious  Zone 

1.32 

0.00 

0.85 

0.22 

0.76 

0-20 

0.00 

0.48 

Main  Valley 

Random  Zone 

1.00 

0.00 

0.44 

0.32 

0.35 

0.26 

0.00 

0.46 

Little  Bull 

Impervious  Zone 

1.32 

0.00 

0.49 

0.29 

0.41 

0.25 

0.00 

0.51 

Little  Bull 

Random  Zone 

1.33 

0.00 

0.55 

0.28 

0.46 

0.24 

0.00 

0.47 

Conduit 

Impervious  Zone 

1.30 

0.00 

0.39 

0.33 

0.31 

0.27 

0.00 

0.52 

Left  Abut. 

Impervious  Zone 

1.30 

0.00 

0.73 

0.31 

0.64 

0.25 

0.00 

0.47 

Left  Abut. 

Random  Zone 

1.08 

0.00 

0.76 

0.42 

0.56 

0-33 

0.00 

0.57 

The  consolidated-undrained  test  data  are  presented  showing  strengths 
representing  the  envelope  drawn  tangent  to  the  Mohr  circles  and  strengths 

representing  the  shear  strength  at  failure  on  the  failure  plane  versus  the 
effective  normal  consolidation  stress  on  the  failure  plane.  The  latter 
strength  envelope  is  more  appropriate  in  stability  analysis  as  a  relationship 
between  shear  strength  and  effective  normal  or  consolidation  stress  the 
failure  plane  prior  to  undrained  shear. 

c.  Adopted  Beslan  Strengths.  The  following  table  presents  the 
physical  soil  properties  used  in  reevaluating  the  stability  of  the  embankment. 
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TABLE  3 

PHYSICAL  SOT'i  PARAMETERS 


Onit  Weight  (oaf)  «Q* 


*s* 


Mata  rial  Saturated  Drained  £  (taf)  Tan  6  a  (taf)  ianJL  a  (taf)  tfln.g 

Lover  Right  Abutment  (Station  81+00) 


Berm 

115 

110 

0.10 

0.40 

0.10 

0.00 

0.10 

0.20 

0.00 

0.35 

Random 

125 

120 

1.43 

0.00 

0.66 

0.22 

0.00 

0.46 

Impervious 

125 

120 

1.45 

0.00 

0.65 

0.24 

0.00 

0.46 

Foundation  Clay 

115 

110 

0.20 

0.80 

0.20 

0.00 

0.30 

0.20 

0.00 

0.45 

Quivlra  Shale 

140 

0.00 

Main  Valley  (Station  90+00) 

•0.21 

Berm 

115 

110 

o  o 

*T 
e  e 

o  o 

0.10 

0.00 

0.10 

0.20 

0.00 

0.35 

Random 

125 

120 

1.00 

0.00 

0.44 

0.32 

0.00 

0.46 

Impervious 

125 

120 

1.32 

0.00 

0.85 

0.22 

0.00 

0.48 

Foundation  Clay, 

CH 

115 

110 

0.20 

0.80 

0.20 

0.00 

0.30 

0.20 

0.00 

0.35 

Foundation  Clay, 

CL 

115 

110 

0.20 

0.80 

0.20 

0.00 

0.30 

0.20 

0.00 

0.45 

Drum  Limestone 

165 

- 

- 

- 

- 

- 

0.00 

0.70 

Quvlra  Shale 

140 

- 

•i 

- 

- 

- 

0.00 

•0.21 

Little  Bull 

Area 

(Station 

o 

ts 

£ 

o 

Berm 

115 

110 

0.10 

0.40 

0.10 

0.40 

0.10 

0.20 

0.00 

0.35 

Random 

125 

120 

1.33 

0.00 

0.55 

0.28 

0.00 

0.47 

Impervious 

125 

120 

1.32 

0.00 

0.49 

0.29 

0.00 

0.51 

Foundation  Clay,  CL 

115 

110 

0.10 

0.40 

0.10 

0.00 

0.10 

0.20 

0.00 

0.45 

Drum  Limestone 

165 

- 

- 

- 

- 

- 

0.00 

0.70 

Quivlra  Shale 

140 

- 

- 

- 

- 

- 

0.00 

*0.21 

*Quivira  ahale  strength  reviaed  to  C  *  0.00  taf  and  tan  0  s  0.37  whioh 
represents  an  envelope  through  the  lover  one-third  of  the  record  control 
test  results . 


5-08.  Stability  Analysis.  The  The  stability  analysis  of  the  original 
embankment  design  is  presented  in  Design  Memorandum  No.  7,  Soil  Data  and 
Qjbankment  Design,  Appendix  B.  The  analysis  vas  performed  with  a  computer 
program  compatible  with  the  wedge  method  of  analysis  presented  in  EM  1110-2- 
1902  with  two  exceptions.  The  slope  of  the  "side"  force  was  assumed  to  be 
aonstant  throughout  the  aotive  wedge,  and  the  angle  of  the  failure  plane  was 
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as  suae d  to  be  the  saae  for  each  material  in  the  active  wedge.  The  analytical 
cases  used  in  design  were  the  end  of  construction  condition  for  the  upstream 
and  downstream  slopes,  sudden  drawdown  and  partial  pool  conditions  for  the 
upstream  slope,  and  steady  seepage  condition  for  the  downstream  slope. 

Earthquake  safety  factors  were  oheoked  for  the  partial  pool,  steady  seepage 
and  construction  oases. 

a.  Design  Assumptions.  The  higher  strengths  of  the  pervious  zone  and 
the  cutoff  trench  were  not  used  in  the  analysis.  These  are  conservative  and 
simplifying  assumptions.  For  the  end  of  construction  case  it  had  been  assumed 
consolidation  during  construction  was  negligible  and  the  line  of  saturation 
was  at  the  ground  surface.  For  the  partial  pool  cases  it  was  assumed  the  line 
of  saturation  to  be  horizontal  at  the  pool  elevation,  considered.  For  the 
steady  seepage  case  it  was  assumed  the  lake  elevation  to  be  at  the  spillway 
crest  which  is  conservative  in  that  this  is  the  maximum  pool  that  can  be  stored. 
For  steady  seepage  at  maximum  surcharge  pool,  no  additional  saturation  was 
assumed.  Vertical  equlpotentlal  lines  were  assumed.  Sudden  drawdown  oases 
assumed  the  embankment  was  saturated  to  the  upper  pool  limit  and  the  pool  was 
lowered  to  multipurpose  pool  Instantaneously  with  no  drainage  of  pore  water. 

b.  Rwhankaent  Stability.  The  embankment  was  analyzed  at  various 
locations  representing  differing  foundation  conditions  existing  at  the  site. 

The  stability  analyses  for  the  lower  right  abutment,  main  valley,  Little  Bull 
area,  outlet  works  section,  and  left  abutment  are  summarized  on  plates  59  to 
63.  Revised  conduit  location  and  conduit  embankment  section  required  a 
reanalysis  of  the  outlet  works  section  (plate  64).  The  designed  embankment 
was  based  on  the  assumption  that  a  "weak"  zone  or  seam  in  the  Quivira 
underclay  was  continuous  across  the  entire  valley.  Since  the  continuity  of 
seam  was  uncertain  it  was  decided  to  retain  the  original  design  with  the 
provisions  to  redesign  the  embankment  after  an  evaluation  of  the  Quivira 
under clay. 


(1)  Rmhankwant  redesign.  Based  on  the  extensive  number  of 
explorations  and  laboratory  shear  tests  it  was  concluded  that  the  "weak"  zone 
in  the  Quivira  underclay  was  not  continuous  or  extensive.  However,  rather 
than  discount  the  presence  of  this  weak  layer  by  choosing  a  higher  design 
strength,  it  was  believed  to  be  more  appropriate  to  use  a  very  conservative 
peak  strength  and  require  a  reduced  safety  factor.  The  embankment  section  was 
revised  to  provide  an  approximate  safety  factor  of  1 .4  for  the  steady  seepage 
and  partial  pool  cases.  Although  the  safety  factors  for  the  end  of 
construction,  earthquake,  and  rapid  drawdown  cases  were  checked,  the  resulting 
safety  factors  did  not  Influence  the  revised  embankment.  Normally  a  minimum 
1.0  safety  factor  for  the  earthquake  case  is  considered  desirable.  However, 
in  view  of  recent  developments  in  earthquake  engineering  which  indicate  the 
pseudo-static  method  of  determining  earthquake  safety  factors  does  not 
adequately  take  into  account  soil  dynamic  strength.  However,  the  design 
strength  safety  factors  around  1 .0  for  the  earthquake  case,  are  adequate  since 
none  of  the  materials  are  potentially  liquefiable.  Considering  the 
improbability  of  residual  shear  conditions  for  a  rapid  drawdown  case,  those 
safety  faotors  were  not  considered  significant  for  the  revised  embankment 
section.  Three  embankment  stations  were  seleoted  for  stsblllty  analyses: 
Staton  81+00,  91+00,  and  104+00.  (See  plates  65,  66  and  6?  for  details.)  The 
revised  section  safety  factors  shown  in  color  on  the  above  plates  are  as 
follows: 
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TABLE  4 


Memorandum  Stability  Studied 


Station  81+00 


Peak  Streangtb 
Safety  Factor 


Bid  of  construction 

Rapid  drawdown  from 

1.72 

spillway  crest 

1.21 

Partial  pool 

1.41 

Steady  seepage 

1.39 

Earthquake 

1.05 

■atlon  00+00 

Bid  of  construction 

1.68 

Steady  seepage 

1.40 

Earthquake 

1.00 

EH  Supplement 
Residual  Strength 
_  fjflfetv  Factor— 


1.10 
1 .00 


1.02 


Note:  Upetream  embankment  was  constructed  in  Stage  I,  therefore,  upstream 
safety  factors  apply  as  shown  in  the  original  CM  7* 


Station  104+00 

Construction  halt  Elev.  930.2 
Rapid  drawdown  from  spillway 
crest 

Partial  pool 
Steady  seepage 
Earthquake 


1.39  - 

1.21  - 

1.44  1.13 

1.39 

1.00  - 


(2)  Stability  reevaluation.  For  this  report,  the  embankment 
stability  was  reevaluted  base!  on  as  built  conditions.  Stability  analyses 
during  design  assumed  excess  pore  pressure  from  construction  had  dissipated  in 
the  wbankment  and  foundation  shales  for  the  partial  pool  and  steady  seepage 
oases.  Actual  instrumentation  data  Indicates  the  upstream  overburden  is 
saturated  with  a  piezometric  surface  that  reflects  the  pool  elevation.  Excess 
pore  pressures  have  not  dissipated  either  in  the  impervious  zone  nor  in  the 
Qulvlra  shale.  The  embankment  was  analyzed  for  the  steady  seepage  and  partial 
pool  oases  using  present  construction  induoed  pore  pressure  levels. 


(a)  Method  of  analysis.  The  oomputer  program  used  for 
design  does  not  facilitate  the  analysis  of  uplift  forces  in  the  foundation.  A 
computer  program,  SSTAB1-BR-  developed  for  the  Bureau  of  Reclamations  by 
Stephen  G.  Wright,  University  of  Texas,  Austin,  was  used  because  it  can 
analyze  a  nonoiroular  failure  surfaoe  with  a  phreatic  surfaoe  in  the 
embankment  and  pore  water  pressures  in  the  foundation.  SSTAB1-BR  uses 
Spenoer's  procedure  to  calculate  the  safety  factor  for  specified  nonoircular 
slip  surfaces.  It  is  a  special  solution  of  the  Morgenstern  and  Frloe  method 
in  whlob  all  the  interslioe  side  forces  are  assumed  to  have  the  same 
inclination.  The  program  satisfies  all  conditions  of  equilibrium.  The  two 


unknown  parameters,  F,  (the  safety  faotor)  and  theta,  8,  (the  side  force 
Inclination)  are  varied  simultaneously.  By  iteration,  a  convergmt  solution 
is  found  with  the  net  force  and  moment  imbalance  less  than  specified  values. 
The  method  does  not  compute  the  same  safety  factor  as  the  wedge  analysis 
prescribed  in  EM  1110-2-1902.  The  side  forces  are  inclined  throughout  the 
failure  block  using  Spencer's  procedure,  while  only  the  earth  force  in  the 
active  wedge  is  inclined  in  the  wedge  analysis.  A  hand  wedge  analysis  using 
the  inclined  side  forces  from  SSTAB1-BR  for  the  steady  seepage  case  at  station 
81+00  resulted  in  a  safety  factor  of  1.62.  A  hand  study  using  the  EM 
prescribed  wedge  method  resulted  in  a  safety  factor  that  was  0.2  less  than 
Spencer's  safety  factor. 

(b)  Safety  factors.  The  embankment  sections  considered  in 
the  redesign  analyses  were  evaluated  for  the  partial  pool,  rapid  drawdown  and 
steady  seepage  cases.  Increased  embankment  strengths  based  on  record  control 
test  results  were  used  with  the  design  foundation  strengths.  Quivira  shale 
strength  was  C=0.  tan  0=0.21.  The  reevaluated  safety  factors  are  shown  in  the 
following  table. 


TABLE  5 

Stability  Studies  Using  Embankment 

Strengths  from 

Record  Control 

Tests  And  Design  Four 

Case 

DM  Supplement 
Safety  Factor 
( Required) 

Safety  Factor 
(From  St-usUes) 

Rapid  Drawdown 
(from  Spillway  Crest) 

1.2 

1.39 

Rapid  Drawdown 

(from  Maximum  Surcharge) 

(.0 

1.30 

Partial  Pool 
(Sta.  81+00) 

1.4 

1.54 

Steady  Seepage 
(Sta.  81+00) 

1.4 

1.13 

Steady  Seepage 
(Sta.  90+00) 

1.4 

1.15 

Steady  Seepage 
(Sta.  104+00) 

1.4 

1.15 

The  rapid  drawdown  and  partial  pool  cases  indicated  higher  safety  factors. 

The  steady  seepage  cases  showed  lower  factors  of  safety.  The  factors  of 
safety  obtained  were  considered  very  conservative  because  the  foundation 
strengths  were  obtained  to  reflect  the  fact  that  the  soft  zone  in  the  Quivira 
shale  is  continuous.  Therefore,  the  Quivira  shale  strength  was  revised  to 
represent  an  envelope  where  two-thirds  of  the  test  values  exceeded  the 
envelope.  The  revised  foundation  strength  (tan  0=0.37)  resulted  in  the 
following  factors  of  safety. 
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TABLE  6 


stability  Studies  rising  MaalMBBt  Strengths  FrPB 
Reoord  Control  Testa  And  Revised  Foundation  Strengths 


Case 

Safety  Factor 
( Reoulrndl 

Safety  Factor 

(.From  Studies) 

Rapid  Drawdown 
(from  Spillway  Crest) 

1.2 

2.00 

Rapid  Drawdown 
( from  Maximum  Surcharge ) 

1.0 

1.90 

Partial  Pool 
(Sta.  81+00) 

1.5 

2.17 

Steady  Seepage 
(Sta.  81+00 

1.5 

1.63 

Steady  Seepage 
(Sta.  90+00) 

1.5 

1.64 

Steady  Seepage 
(Sta.  104+00) 

1.5 

1.69 

The  moat  critical  caae  was  steady  seepage  at  Station  8 1 +00 .  This  section 
occurs  in  the  closure  area  where  the  excess  pore  pressures  from  construction 
are  the  highest.  The  calculated  factor  of  safety  is  above  the  required  1.5 
and  will  continue  to  increase  as  the  pressures  in  shale  continue  to  dissipate. 
This  orltloal  case  was  evaluated  by  a  band  wedge  analysis  that  yielded  a 
safety  factor  of  1.62. 

5-09.  Settlement.  Settlement  analyses,  based  on  condolidatlon  tests, 
were  run  on  the  foundation  overburden.  The  maximum  total  settlement  in  the 
valley  was  anticipated  to  be  1.5  feet.  Settlement  analyses  of  the  embankment 
were  not  performed  because  experience  indicates  there  will  be  very  little 
consolidation  of  the  embankment  after  construction.  Settlement  plates  were 
Installed  in  the  foundation  overburden  to  monitor  foundation  settlement  during 
and  after  construction.  Crest  settlement  monuments  were  also  installed  on  the 
orest  of  the  dam  to  measure  post  construction  settlement.  The  settlement 
plates  show  a  maximum  of  1.4  feet  of  settlement  with  over  a  foot  occurring 
during  construction.  The  crest  settlement  monuments  indicate  uniform 
settlement  of  less  than  0.2  feet. 

5-10.  Slone  Protection.  Requirements  for  upstream  slope  protection  were 
investigated  for  three  separate  segments  of  the  dan.  Fetches  for  each  segment 
were  determined  in  accordance  with  the  radial  fetch  method  as  described  in 
Teohnioal  Memorandum  No  132.  Wave  heights  were  seleoted  in  accordance  with 
Technical  Manual  No.  132.  Overland  wind  velocities  were  determined  from  a 
wind  analysis  of  reoords  for  Topeka,  Kansas  over  a  23  year  period.  A 
50  a. p. h.  wind  velooity  was  used  to  else  the  stone  protection  at  multipurpose 


pool  to  r *<lue«  aoae  of  tha  inherent  risks  in  tha  araa  of  frequent  pool  larals. 
■The  Cr  It  aria  for  Riprap  War*  Protaotion  In  Missouri  River  Division,*  dated 
June  1974,  were  gene  rally  used  for  riprap  slope  protection  design.  Riprap 
design  data  la  shown  on  Plate  17. 
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CHAPT0?  6 


CONSTRUCTION  HISTORY 


6-01.  Qeneral .  The  Hillsdale  embankment  was  built  under  three  contracts 
supervised  by  the  Kansas  City  District,  Corps  of  Engineers.  The  Contractor 
for  the  Stage  I  contract  was  J.  A.  Tobin  Construction  Coapany,  Kansas  City, 
Kansas.  Cutoff  trench,  outlet  works  channel  and  diversion  channel  were 
excavated  and  part  of  the  eabankaent  was  constructed  under  this  contract. 

Stage  I  work  started  in  April  1976  and  was  completed  in  December  1977.  The 
Stage  II  Contractor  was  Southwest  Construction  Corporation,  Oklahoma  City, 
Oklahoma,  work  was  initiated  in  June  1977  and  completed  in  May  1980.  The 
outlet  works  were  constructed  under  the  Stage  II  Contract.  The  embankment  was 
coapleted  under  the  Stage  III  Contract,  work  began  in  July  1978  with  the 
completion  of  the  eabankaent  in  July  1982. 

6-02.  Modifications.  The  following  modifications  were  made  to  the 
contracts. 


TABLE  7 
Modifications 
Stage  I 


Modification  No. 


SuMflSt 


P00001 

P00002 

P00003 

P00004 

P00005 

P00006 


Pervious  and  Filter  Material  Changes 
Time  Extension  Due  to  Heather  Delays 
Time  Extension  Due  to  Heather  Delays 
Tine  Extension  Due  to  Heather  Delays 
Time  Extension  Due  to  Heather  Delays 
Unit  Price  of  Cutoff  Trench  Cleanup 
Class  I. 


Stage  II 


MsxUfiOgUOP  Mo. 


Sub  lect 


P00001 

P00002 

P00003 

P00004 

P00005 

P00006 

P00007 

P00008 

P00009 


Excavation  for  Pier 

Time  Extension  Due  to  Ironworkers 

Stlke  and  Heather  Delays 

Bubbler  System 

Handrails  and  Kickplates  for 

Intake  Tower 

Electrical  Work  and  Lightening 
Protection 

Time  Extension  Due  to  Heather  Delays 
Eleotrleal  Work 

Time  Extension  Due  to  Heather  Delays 
Test  Holes  in  Conduit  Monolith 
Nos.  2  and  3 
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TABLE  ^  (continued) 
Stage  II  (continued) 


Modification  Mo.  SBfeJgfit 


P00010 

Time  Extension  Due  to  Weather  Delays 

P00011 

Hydraulic  Pipe  Support  Braokets, 
Valves,  and  Pulley  Assembly  for 
Emergency  Gate 

P00012 

Emergency  Gate  Crane  Bumper  Plates 

P00013 

Administrative  Change  of  Contractors 
Address 

P0001A 

Time  Extension  Due  to  Weather  Delays 

P00015 

Emergency  Gate  Storage  Bracket  and 
Lifting  Beam  Ring 

P00016 

Administrative  Change  of  Payment 
Office 

P00017 

Additional  Conduit  Roof  Form 

P00018 

Time  Extension  Due  to  Weather 

P00019 

Administrative  Change  of  Contractors 
Address 

P00020 

Suspension  of  Work  on  the  Tower 

P00021 

Administrative  Change  of  Contractors 
Address 

P00022 

Constructive  Welding  Changes 

SUge  III 


Hodlfloation  Mo 


Subject 


P00001 

P00002 

P00003 

POOOOA 

P00005 

P00006 

P00007 

P00008 

P00009 

P00010 

P00011 

P00012 

P00013 

poooh 


Hell  -  Plugging 
Lightening  Protection  Work 
Grouting  Spring  at  Outlet  Works, 

Sta.  55+50 

Castle  Dimensions  on  PYLON  DETAIL 
Culvert  Length  of  Outlet  Works 
Road  2,  Sta.  1+65 
Crest  Elevation  of  the  Upstream 
Cofferdam 

Time  Extension  Due  to  Weather  Delays 
Deletion  of  Requirement  to  Obliterate 
South  Acoess  Road 

Well  -  Plugging,  Well  No.  5  and  10 
Construction  of  Upstream  Rook  Service 
Road 

Service  Bridge  Abutment  Fill 
Deletion  of  Required  Timber  Clearing 
Culvert  for  South  Acoess  Road, 

Sta.  101+00 

Time  Extension  due  to  Weather  Delays 
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TABLE  7  (oontinued) 
Stage  III  (oontinued) 


Modification  Mo.  Subject 


P00015 

Wash  Checks  in  Ditch  of  North  Access 
Road,  Concrete  Ditch  Liner  for  Toe 
Service  Road,  and  Earth  Cover  Over 
Pervious  Wick. 

P00016 

Stoplogs,  Apertures,  Trash  Racks, 
and  Lifting  Beam  Remedial  Work 

P00017 

Administrative  Change  of  Payment 
Office 

P00018 

Guardrails  for  Toe  Service  Road 

P00019 

Electrical  Work 

P00020 

Time  Extension  Due  to  Weather  Delays 

F00021 

Extension  of  South  Acoess  Road 
Bituminous  Surfacing 

P 00022 

Bituminous  Tack  Coat 

P00023 

Pavement  Markings  for  the  South 
Access  Road,  Dan  Road,  and  North 
Acoess  Road 

P00024 

Additional  Costs  due  to  Non¬ 
availability  of  Work  Areas  and 

Delay  of  Diversion 

P00025 

Crushed  Stone  Base  Course  Quanlties 

Modifications  significant  to  the  performance  on  construction  of  the  embankment 
are  discussed  below. 

a.  Modification  P00001 .  This  change  to  the  Stage  I  contract  was 
necessary  to  insure  adequate  seepage  control  In  the  areas  where  the  Chanute 
and  Lane  shales  existed  In  the  outoff  and  to  Insure  adequate  seepage  control 
In  the  areas  where  the  Jointed  structures  of  the  Drum  and  Raytown  limestones 
existed  in  the  cutoff  trench.  This  change  consisted  of  the  following: 

(1)  Pervious  fill  was  plaoed  against  the  Raytown  limestone  in  the 
left  abutment  area. 

(2)  From  approximately  Station  106+40  to  112+30,  the  bottom  of  the 
cutoff  was  widened  and  pervious  was  placed  against  the  downstream  side  of  the 
trench.  The  pervious  formed  a  drain  extending  to  the  ground  surface. 

(3)  From  approximately  Station  71+90  to  79+15,  the  bottom  of  the 
outoff  trench  was  widened  and  pervious  was  placed  against  the  downstream  side 
of  the  trenoh.  The  pervious  formed  a  drain  extending  to  the  ground  surface, 
but  not  above  Elevation  900.0  in  the  area  where  none  was  encountered. 

(4)  From  Station  44+50  to  71+90,  pervious  was  placed  to  a  height 
of  two  feet  above  the  top  of  bedrock  on  the  downstream  slope  of  the  cutoff 
trench. 
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(5)  From  approximate  Station  79+00  to  106+50,  a  one  foot 
horizontal  width  of  crushed  stone  filter  material  was  placed  against  the  Drum 
limestone  on  the  downstream  side  of  the  cutoff  trench. 

(6)  A  one  foot  horizontal  width  of  crushed  stone  filter  material 
was  placed  between  the  Raytown  limestone  and  the  pervious  drain  where  open 
joints  exceeded  one-fourth  inch  in  width. 

b.  Modification  P00006.  This  change  to  the  Stage  III  contract 
required  the  elevation  of  the  upstream  cofferdam  to  be  raised  from  Elevation 
895.0  to  906.0.  The  change  was  made  as  a  result  of  additional  hydrologic 
studies  indicating  inadequate  overtopping  protection. 

c.  Modification  P00010.  This  modification  to  the  Stage  III  contract 
provided  an  upstream  service  road  on  the  embankment  for  access  to  observation 
devices  and  access  to  the  upstream  slope  for  repair  of  potential  wave  damage. 

d.  Modification  P00015.  This  modification  to  the  Stage  III  contract 
required  a  1-foot  cover  over  the  pervious  drain  in  the  closure  area  during  the 
1980-1981  winter  shutdown  to  prevent  contamination  of  the  pervious  material. 
The  earth  cover  was  compacted  and  shaped  to  drain  away  from  the  drain.  The 
cover  was  removed  and  the  pervious  material  was  cleaned  with  to  top  lift  being 
recompacted  the  following  spring. 

6-03.  c.uloff  ..trench, 

a.  Excavation.  Cutoff  trench  excavation  was  characterized  as 
overburden,  Class  I,  or  Class  II  rock.  The  Contractor  was  required  to 
determine  the  suitability  for  usage  in  the  embankment  at  the  time  of 
excavation  with  unsuitable  material  to  be  placed  in  diversion  dikes  or  channel 
fill  stockpiles.  The  cutoff  trench  excavation  was  maintained  in  the  dry 
during  excavation,  cleanup,  grouting,  and  backfilling.  Blasting  operations 
and  methods  of  ripping  were  controlled  so  that  the  gradations  of  the  materials 
were  suitable  for  use  in  the  embankment.  Slopes,  1  on  1  or  steeper,  in 
bedrock  were  presplit  or  sawed,  the  Quivira  shale  in  the  cutoff  trench  was 
required  to  be  sawed.  The  approximate  limits  of  the  cutoff  trench  were  shown 
on  the  construction  drawings  with  the  actual  limits  determined  from  the 
condition  of  the  bedrock. 

(1)  Cutoff  trench  in  limestone  formations.  Within  the  cutoff 
trench  on  each  abutment,  the  upper  surface  of  the  Iola  and  Drum  were 
completely  exposed  prior  to  removal  of  any  portion  of  the  formation.  Rock 
excavation  was  completed  prior  to  construction  of  the  grout  curtain. 

(2)  Cutoff  trench  in  shale  formations.  Excavation  was  continued 
to  a  depth  necessary  to  remove  all  desiccated,  deteriorated,  fractured,  and 
weathered  rock  that  was  determined  to  be  unsatisfactory.  Equipment  used  in 
the  material  was  mounted  on  rubber  tires  to  prevent  damage  to  the  final 
bedrock  surface.  Excavation  of  shale  was  a  continuous  operation  to  the  final 
depth  except  where  grouting  on  shale  surface  (station  106  to  station  115) 
resulted  in  3  to  5  feet  of  ohanute  shale  being  excavated  after  grouting. 


V-6-U 


Within  24  hours  after  exposure,  final  bedrock  surfaces  were  cleaned, 

Inspected  and  backfilled  with  a  minimum  of  12  inches  of  embankment  material. 
During  the  period  of  exposure,  bedrock  surfaces  were  sprayed  with  water  a3 
needed  to  prevent  drying.  Within  48  hours  after  exposure  three  feet  of 
embankment  material  was  required  to  be  placed.  The  length  of  the  reach  of  the 
trench  that  was  allowed  to  be  open  was  restricted  to  the  length  that  could  be 
excavated,  cleaned,  Inspected,  and  embankment  placed  as  required. 

b.  Cutoff  trench  cleanup.  Cleanup  of  the  bedrock  surface  was 
performed  on  the  flow  and  where  directed  on  the  bedrock  portion  of  the 
sideslopes.  Cleanup  consisted  of  removing  unsound,  fractured  or  loose  rock, 
and  other  objectionable  material.  Cleanup  was  accomplished  by  barring, 
picking,  brooming,  and  when  directed,  by  use  of  air-water  jetting.  All 
overhangs,  cavities  or  large  Joints,  and  irregularities  in  the  bedrock  were 
cut  back,  excavated,  and  backfilled  with  pervious  or  filled  concrete. 

o.  Grouting.  Preliminary  investigations  prior  to  construction 
indicated  that  a  single  line  grout  curtain  was  needed  in  both  abutments. 
Grouting  was  performed  from  the  floor  of  the  cutoff  trench  on  bedrock.  Grout 
holes  were  drilled  with  a  pneumatic  rotary  drill  using  2  1/2  inch  diameter 
non-coring  bits.  All  holes  were  drilled,  washed,  pressure  tested,  and  grouted 
in  stages  from  the  top  down.  Primary  holes  were  drilled  on  20-foot  centers 
with  secondary  holes  midway  between  and  tertiary  holes  midway  between  the 
primary  and  secondary  holes.  The  holes  were  inclined  landward  30  degrees  and 
45  degrees  from  vertical.  Some  holes  were  drilled  parallel  to  the  dam  axis, 
some  were  directed  upstream  45  degrees  and  some  65  degrees.  The  grout 
consisted  of  3  cubic  feet  of  water  and  1  oubic  foot  of  cement.  Grouting 
verified  that  bedrock  units  in  the  abutments  are  tightly  Jointed  and 
relatively  impermeable.  Out  of  500  holes  drilled  in  the  right  abutment,  grout 
was  Injected  into  12  holes.  Host  of  the  grout  was  injected  into  a  sandstone 
lense  In  the  Chanute  shale.  Approximately  260  sacks  of  grout  were  injected, 
mostly  in  four  of  the  12  holes.  In  the  left  abutment  out  of  202  holes 
drilled,  19.4  sacks  of  grout  were  injected  into  11  holes.  Host  of  the  grout 
was  injected  into  the  limestones.  A  total  of  approximately  280  sacks  of  grout 
were  injected  into  bedrock  and  1,205  sacks  were  used  for  backfill.  Grout  hole 
drilling  totalled  22,699  lineal  feet.  A  grouting  summary  is  shown  in  Table  8. 

TABLE  8 


Summary  of  Grouting 


Lineal  Feet 

Left  Abutment  Drilled 

75  Primary  Holes  2,473 

74  Secondary  Holes  2,250 

53  Tertiary  Holes  1 .232 

202  TOTAL  5,955 


Sacks  of  Grout 
laiflg&fld. _ 

11.0 

8.4 

_ a 

19.4 
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TABLE  8  (continued) 


Bight  Abutment 


Lineal  Feet 


Sacks  of  Grout 
In  lected _ 


168  Primary  Holes  5,732 
166  Secondary  Holes  5.590 
Ji.6  Tertiary  Holes  5. 177 
500  TOTAL  16,699 


148.7 

105.13 

.-6.0- 

259.83 


BACKFILL:  -  1,205  Sacks 

279.23  Sacks  =  0.0123  Sacks  Per  Foot  of  Hole 

22,699  Lineal  Feet 


Bight  Abutment  Grout  Curtain  Extension 
Station  77+00  to  Station  79+40 


13  Primary  Holes  499 

12  Secondary  Holes  455 

1  Tertiary  Hole  60 

26  TOTAL  1 . 004 

Conduit  Grouting 

6  Primary  Horizontal  Holes 

at  station  59+62.5  150 

4  Primary  Badial  Holes 

_  at  station  60+00  Q6 

10  TOTAL  246 


0.8 

0 

£L 

0.8 


27 

_Q 

27 


d.  Changes  as  a  Besult  of  Construction  Experience.  A  reach  of  the 
grout  curtain,  Station  76+00  to  Station  79+45  was  deleted  from  the  Stage  I 
contract  because  a  large  detached  block  of  sandstone  was  discovered  in  the 
right  abutment  area.  Because  blasting  was  required  to  remove  the  block, 
grouting  of  this  reach  was  deferred  to  the  Stage  III  contract.  Evaluation  of 
the  foundation,  during  Stage  I  particularly  the  Quivira  3hale  and  Baytown 
limestone,  as  a  result  of  the  construction  of  the  cutoff  trench  lead  to 
redesign  of  the  embankment  and  modifications  to  the  cutoff  trench  and  previous 
drain. 


6-04.  Outlet  Works.  The  outlet  works  as  described  in  paragraph  2-04  was 
constructed  under  the  Stage  II  contract  with  excavation  initiated  in  August 
1977.  The  entire  outlet  works  are  founded  on  the  Chanute  shale.  Special 
surfaces  and  bearing  surfaces,  surfaces  with  slopes  1  on  1  or  steeper  which 
concrete  was  placed  against,  were  excavated  to  leave  the  surfaces  as  nearly 
undisturbed  as  possible.  Materials  outside  the  excavation  lines  and  grades 
indicated  on  the  drawings  was  replaced  with  fill  concrete.  Excavation  of  the 
last  2  feet  for  special  surfaces  was  performed  immediately  prior  to  placing 
concrete.  Approach  and  outlet  channel  profile  and  sections  and  conduit 
grouting  details  are  shown  on  Plate  22.  Progress  of  construction  under  the 
Stage  II  contract  fell  behind  resulting  in  scheduling  problems  during  Stage 
III. 
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6-05.  Babankment  Construction.  The  embankment  was  constructed  under  the 
Stage  I  and  Stage  III  contracts  from  materials  obtained  from  required 
excavation  and  supplanented  from  upstream  borrow.  All  suitable  materials 
obtained  from  required  excavation  were  used  in  the  embankment.  Unsuitable 
materials  excavated  in  order  to  obtain  suitable  borrow  material  were  used  in 
channel  fill,  diversion  dike  or  wasted  back  into  the  valley  borrow  areas. 

a.  Foundation  Treatment.  Prior  to  placement  of  fill  the  foundation 
was  cleared  of  depressions  by  flattening  the  slopes  of  the  depressions  and 
filling  them  with  compacted  layers  of  material  appropriate  for  the  embankment 
zone  in  which  they  were  located.  Existing  wells  in  overburden  were  back¬ 
filled  with  impervious  material  and  wells  in  bedrock  were  grouted.  Earth 
foundation  areas  were  thoroughly  stripped  and  loosened  by  plowing  or  discing 
to  a  depth  of  8  inches.  Roots  and  other  debris  uncovered  in  the  process  of 
loosening  were  removed  and  then  the  foundation  was  compacted  with  a  rubber- 
tired  roller  or  other  heavy  loaded  rubber-tired  equipment.  When  fill  was 
constructed  against  an  existing  earth  slope  it  was  processed  through  the  loose 
or  dried  material  on  the  surface  so  that  the  existing  material  and  the  new 
fill  was  bonded  together. 

b.  Embankment  Materials. 

(1)  Impervious  material  consists  of  CL  and  CH  (liquid  limit  not 
more  than  60)  overburden  material  as  based  on  the  Unified  Soil  Classification 
System  in  accordance  with  Waterways  Experiment  Station  Technical  Memorandum  3- 
357.  Impervious  material  placed  upstream  of  the  dam  axis  contains  less  than  5 
percent  gravel.  There  is  no  shale  material  in  the  impervious  material. 
Impervious  in  the  conduit  area  consists  of  CL  material  only.  There  were  no 
liquid  limit  restrictions  on  the  impervious  dike  section  on  the  right 
abutment . 


(2)  Pervious  was  Kansas  River  sand  obtaineo  from  approved 
commercial  sources.  The  material  was  required  to  be  clean  free-draining, 
durable,  natural  sand  within  the  following  gradation  ranges  as  determined  by 
washing  over  the  specified  sieves. 

Slcye.  slag  Percent  by  weight  paaainK 

No.  M  90-100 

No.  16  55-85 

No.  50  5-20 

No.  200  0-5 

(3)  Random  consists  of  overburden  material,  except  OH.  Pt,  MH. 
and  0L,  from  required  excavation.  Shale  material  was  not  allowed  in  the 
random  zone.  Materials  with  liquid  limit  above  60  were  not  used  in  the  random 
zones  except  the  outer  5  feet  of  the  upstream  slope  below  Elevation  91(2.2 
which  was  required  to  be  CH  material  with  no  restrictions  on  liquid  limit. 

(4)  Berm  material  consists  of  shale  and  other  material  from 
required  excavation  which  was  unsuitable  or  in  excess  of  the  requirements  for 
impervious  and  random. 
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(5)  Clav  blanket  consists  of  CH  material  obtained  from  required 
excavation  and  supplenented  with  CH  material  from  borrow. 

c.  Placement.  Fill  was  not  placed  on  any  part  of  the  embankment 
foundation  until  the  area  had  been  inspected  and  approved.  All  embankment 
material,  except  material  for  the  diversion  dike  and  channel  fill  was  placed 
and  compacted  in  the  dry.  No  frozen  material  was  allowed  to  be  placed  in  the 
embankment.  Fill  was  not  allowed  to  be  placed  on  or  above  frozen  material. 
Water  was  not  allowed  to  pond  on  the  embankment  and  the  surface  was  maintained 
so  that  construction  equipment  was  able  to  travel  on  the  embankment.  The  top 
surface  of  the  fill  within  any  zone  was  maintained  approximately  horizontal, 
except  as  otherwise  approved.  The  differential  in  height  of  fill  at  the 
contact  between  adjacent  zones  of  the  embankment  was  limited  to  3  feet. 

During  construction,  the  embankment  was  sloped  with  grades  not  steeper  than  5 
percent  and  not  less  than  2  percent  to  facilitate  surface  drainage.  Compacted 
fill  adjacent  to  the  pervious  was  maintained  so  that  the  compacted  pervious 
fill  was  not  below  the  adjacent  support  fill.  Inmediately  after  compaction  of 
the  pervious  additional  pervious  fill  was  palced  to  maintain  the  uncompacted 
fill  above  the  adjacent  fill.  Materials  disturbed  after  compaction  were 
reprocessed  and  recompacted.  Materials  were  distributed  throughout  the 
embankment  so  that  the  fill  was  free  of  lenses,  pockets,  streaks,  and  layers 
of  amterial  differing  substantially  in  texture  or  gradation  from  the 
surrounding  material  of  the  specified  type.  The  travel  distance  of  hauling 
equipment  across  the  surface  prepared  for  material  placement  was  kept  to  a 
minimum.  Successive  loads  of  material  was  dumped  at  locations  on  the  fill  as 
directed  or  approved  by  the  Contracting  Officer.  Material  was  spread  in 
approximately  horizontal  layers.  In  zones  where  materials  were  adjacent  to 
zones  of  significantly  coarser  materials,  the  coarse  materials  were 
sufficiently  well  graded  to  provide  filter  action  so  the  fine  material  would 
not  infiltrate  into  the  voids  of  the  coarse  material.  In  general  material  was 
distributed  in  the  impervious  zone  so  that  the  more  impervious  materials  were 
placed  upstream  of  the  axis  of  the  dam.  The  more  gravelly  clays  and  less 
impermeable  materials  were  placed  downstremn  of  the  axis  of  the  dam.  In 
general,  the  more  Impermeable  of  the  random  material  was  placed  adjacent  to 
the  impervious  zone  and  the  more  permeable  random  was  placed  in  the  outer 
portion  of  the  random  fill.  Whenever  the  surface  of  any  layer  developed 
ridges,  or  bridged,  or  became  to  smooth  to  bond  properly  with  the  succeeding 
layer  it  was  loosened  by  scarifying  before  the  next  lift  was  placed.  When  a 
rubber-tired  roller  was  used  each  lift  surface  was  scarified  prior  to 
placement  of  the  next  lift.  Before  any  layer  was  roller,  it  was  process"-'  by 
disking  to  the  depth  of  the  uncompacted  layer  thickness.  When  the  surf  a  . 
became  unduly  wet  or  dry,  it  was  processed  and  rerolled.  Frozen  fill  was 
disked  and  properly  reoompacted  before  additional  material  was  placed.  Thi3 
same  procedure  was  used  then  the  surface  had  craoked  due  to  drying,  had 
softened  due  to  an  increase  in  surface  moisture  content,  and  when  tying  into  a 
previously  built  portion  of  the  embankment.  When  the  work  was  stopped  on  an 
area,  it  was  smooth-bladed  and  sealed  with  either  rubber-tired  or  smooth-wheel 
rollers  to  prevent  absorption  of  rainfall  and  to  facilitate  drainage. 

d.  Compaction.  The  embankment  was  constructed  to  the  following 
minimum  compaction  criteria.  A  procedure  specification  was  used  to  meet  these 
criteria. 
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TABLE  9 


Compaction  Criteria 


Malarial 


Criteria 


Impervious  fill 


95  percent  maximum  dry  density 
(standard  effort) 


Random  fill 


95  percent  maximum  dry  density 
(standard  effort) 


Pervious  fill 


70  percent  relative  density 


Berm  fill  Compaction  by  rubber-tired  roller 

Compaction  equipment,  layer  thickness,  and  number  of  passes  for  the  various 
materials  were  specified  with  additional  passes  required  as  directed  to  obtain 
the  desired  compaction.  A  complete  pass  consisted  of  complete  ooverage  of  the 
area  to  be  compacted  with  each  trip  of  the  roller  overlapping  the  adjacent 
trip  by  not  less  than  2  foot.  The  specified  compaction  requirements  are  as 
follows: 


TABLE  10 

Compaction  Procedure 

Type  of  fill  and  Maximum  uncompacted 

compaction  equipment  lift  thickness  (inches) 

Pervious 

Plate  vibratory  compactor  6 


Vibratory  rollers  12 

Impervious  t 

Tamping  roller  8 

Random  and  clay  blanket 

Tamping  roller  8 

Rubber- tired  roller  12 

Berm 

Rubber-tired  roller  24 


Minimum  number 
of  passes 


As  required  to 
obtain  specified 
relative  density 

3 


6 


6 

3 


2 


Diversion  dike 


24 


Traffic  compacted 
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TABLE  10  (continued) 


Type  of  fill  and 
comDaction  eauiDment 

Maximum  un compacted 
lift  thickness  finches) 

Minimum  number 
of  passes — 

Special  feasktm 

Power  tamper 

3 

As  required  to  pro¬ 
vide  compaction 
equivalent  to  adja¬ 
cent  embankment 
mat  erial 

Channel,  waste,  and  area 

f i 1  la  No.  max. 

None  required 

Hock  fill 

36 

None  required 

♦When  placed  over  a  rock 
compaction  shall  be  two 
impervious  zone  reaches 

foundation,  the  lift  thickness  shall  be  6  inches  and 
passes  with  a  rubber-tired  roller  until  the 

18  inches  thickness  over  the  rock  foundation.  If 

the  rubber-tired  roller  causes  breakage  of  shale  foundation,  the  ballast 
shall  be  lessened  or  the  use  of  other  rollers  may  be  used  as  approved  by 
the  Contracting  Officer. 

The  following  list  of  equipment  used  during  the  construction  of  the  embankment 
includes  the  compaction  equipment. 


TABLE  11 

Equipment  Used  for  Embankment  Construction 


Make 

Model 

Equipment 

Hunker 

General  .use 

Hercules 

WSX83-60120 

Sheepsfoot  Roller, 

40,000  lb. 

2 

Soil  compaction 

Gebhard 

#22 

Sheepsfoot  roller, 

48,000  lb. 

i 

Soil  compaction 

Hyst  er 

45  5 A 

Self  propelled  sheeps¬ 

foot  roller,  49,000  lb. 

i 

Soil  compaction 

Ferguson 

Ht-IOOS 

Pneumatic  roller, 

100,000  lb. 

2 

Soil  compaction 

Raygo 

320A 

Vibratory  roller, 

14,340  lb. 

1 

Pervious  fill 

Ray  go 

41 0A 

Vibratory  roller, 

compaction 

21,400  lb. 

1 

Pervious  fill 

compaction 
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Make 


Model 


TABLE  11  (continued) 

Efldipaent 


Number 


General  use 


Mikasa  Saniya  MVC-300G 

Ground 

Pounder 

Caterpillar  657B  A  631 

( Various) 

Euclid  B-70 

Holland 

Grade-All  1 1 00 


Hand  operated  vibrator, 
500  lb. 

Hand  operated 

compactor,  200  lb. 

Crane  operated  drop 
hammer 

Scrapers 

Rear  dump  haulers 

Bottom  dump  haulers, 

110  cu  yd 

Mobile  telt  loaders 
Hater  trucks 

Gradall 


1  Pervious  fill 
compaction 

1  Pervious  fill 

compaction 

1  Backfill 

compaction 
adjacent  to 
structure 

1 M  Borrow  material 

excavation  and 
haul 

Borrow  material 
haul 

17  Borrow  material 

haul 


2  Borrow  material 

excavation 
2  Saturating 

pervious  fill 

1  Cutoff  trench 

excavation  & 
riprap 
placement 


Additional  equipment  used  include  motor  graders,  bulldozers,  bucket  loaders, 
backhoes,  dragline,  and  disks. 

The  Raygo  320A  vibratory  roller  did  not  meet  the  specifications  for  weight, 
drum  diameter,  or  drum  width,  however  it  was  approved  based  on  test  data 
verifying  the  desired  density  could  be  obtained  with  this  roller.  Bedrock 
irregularities  in  the  foundation  and  bedrock  slopes  under  compacted  impervious 
fill  and  adjacent  to  concrete  structures  required  special  compaction 
techniques  to  insure  compaction  was  equivalent  to  adjacent  embankment 
material.  Compaction  of  the  backfill  along  the  conduit  was  obtained  by  air 
operated  "powder  puffs,"  a  crane  operated  drophammer  and  wheel  rolling  with  a 
rubber- tired  loader. 


e.  Moisture  Control.  The  upper  limit  of  moisture  content  was  3 
percent  above  the  optumum  moisture  content  and  the  lower  limit  was  2  percent 
below  optimum  for  the  impervious  and  random  material.  Material  placed  on  the 
embankment  with  a  moisture  content  exceeding  3  percent  above  optimum  was 
spread  and  permitted  to  dry,  assisted  by  disking  as  necessary,  until  the 
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moisture  content  was  uniform  and  reduced  to  within  the  limits.  Material 
placed  with  a  moisture  content  less  than  2  percent  below  optimum  was  sprinkled 
on  the  fill  and  worked  with  disks  until  the  moisture  content  was  within  the 
required  limits.  Water  applied  to  the  fill  was  controlled  so  that  free  water 
would  not  appear  on  the  surface  during  or  subsequent  to  rolling.  The  pervious 
material  was  required  to  be  wetted  as  necessary  to  facilitate  compaction. 
Pervious  material  was  maintained  essentially  saturated  during  compaction. 
Moisture  content  was  controlled  to  the  extent  required  to  facilitate  movement 
of  compaction  equipment. 


f .  Construction  Control  Procedures.  The  quality  of  the  construction 
was  controlled  through  a  contractor  quality  control  program  and  the 
government's  quality  control  program  and  the  government's  quality  assurance 


sampling  and  testing  procedures. 


(1)  Quality  Control.  The  contractor  established  a  quality 
control  system  to  maintain  quality  of  his  work  as  well  as  that  of  his 
subcontractors  and  to  maintain  compliance  with  the  plans  and  specifications. 


(2)  Quality  Assurance.  Control  tests  were  conducted  by  the 
government  to  verify  the  quality  of  the  embankment.  Testing  was  performed  in 
accordance  with  Engineering  Manual  EM  It  10-2-1906,  Laboratory  Soils  Testing, 
and  Hill3dale  Lake  specifications,  and  Hillsdale  Lake  field  and  laboratory 
testing  manuals. 


(a)  Impervious  and  Random  Fill.  The  most  important  control 
feature  for  the  impervious  and  random  fill  was  the  moisture  content  range. 

This  range  was  specified  to  have  an  upper  limit  of  3  percent  above  optimum  and 
a  lower  limit  of  2  percent  below  optimum.  Materials  placed  at  a  moisture 
contents  within  this  range  and  using  the  specified  lift  thickness  and  number 
of  passes  should  have  dry  densities  not  less  than  95  percent  of  maximum. 

During  Stage  I  and  Stage  III  construction  over  1600  sand  cone  density  tests 
were  performed  to  insure  that  this  criteria  was  being  met.  Plate  75  shows  the 
moisture  content  results  from  these  field  tests  by  showing  plots  of  Deviation 
From  Optimum  Moisture  Content  vs.  Number  of  Tests.  Material  which  did  not 
have  moisture  contents  within  the  specified  range  or  did  not  have  dry 
densities  of  at  least  95  percent  of  maximum,  were  generally  reworked.  Maximum 
dry  density  and  optimum  moisture  content  were  determined  by  the  standard 
compaction  test.  Prior  to  and  during  construction,  a  large  number  of  5  point 
compaction  curves  were  established.  To  determine  the  compaction  curve 
apt  licable  to  a  particular  field  test,  a  one  point  compaction  test  run  on  the 
material  at  a  moisture  content  slightly  below  optimum.  Most  of  these  field 
tests  included  a  liquid  limit,  and  occasionally  a  plastic  limit  determination. 
In  addition  to  the  field  density  tests,  211  record  control  samples  were  taken. 
These  samples  were  sent  to  the  MRD  Laboratory  for  more  extensive  testing  to 
check  the  physical  properties  assumed  for  design.  Results  from  both  the  field 
control  tests  and  the  record  control  tests  are  presented  in  plates  70  through 
151. 


(b)  The  only  moisture  content  control  for  the 

berm  fill  was  the  ability  of  the  roller  to  travel  on  it.  No  record  control 
tests  and  a  very  limited  number  of  field  density  tests  were  taker  on  this  fill 
material . 
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(c)  Pervious  Fill.  The  compaction  criteria  for  the  pervious 
fill  mm  based  on  a  relative  density  of  70  percent.  The  field  density  tests 
consisted  of  both  the  sand  cone  method  and  the  nuclear  net bod.  Along  with 
each  field  density  test  a  mechanical  analysis  was  performed  to  insure  that  the 
gradation  fell  within  the  range  specified. 

(d)  nndlsturhed  s— ni—.  Smples  were  obtained  for  reoord 
control  testing.  Sapling  procedure  involved  excavating  down  to  a  pervious 
lift  leaving  a  smooth  surfaoe.  and  pushing  a  6-inch  diMeter  cylinder  into  the 
compacted  material.  Undisturbed  samples  of  the  embankment  were  also  obtained 
using  the  5-inch  Shelby  tube  sampler. 

6-06.  Spillway.  The  spillway  was  excavated  as  shown  on  Plate  15. 
Excavation  was  accomplished  by  scrapers  and  dragline  with  the  excavated 
material  placed  in  dike  section  on  the  upper  right  abutment.  Subsequent  to 
completion  of  construction  erosion  of  the  spillway  side  slopes  indicated  the 
possibility  of  dispersive  day  in  the  spillway  subsequent  laboratory  conformed 
the  dispersive  clay.  Evidence  of  the  dispersive  clay  in  the  dike  section 
eannot  be  found.  The  spillway  was  excavated  into  the  Lane  shale  where 
moisture  content  required  excavation  by  dragline  and  some  of  this  material  was 
placed  in  upstreM  berms  section. 

6-07.  Diversion  and  Closure.  The  diversion  ohannel  as  shown  on  Plate  7 
wm  exoavated  during  Stage  I  to  divert  Little  Bull  Creek  to  Big  Bull  Creek. 

The  embankment  was  constructed  to  a  minimum  elevation  of  913  prior  to 
diversion.  Final  diversion  through  the  outlet  works  followed  the  following 
sequence  of  events.  Excavation  of  approach  and  outlet  channels,  except 
ohannel  blooks  were  completed  and  riprap  was  placed  in  the  outlet  channel. 

The  upstreM  and  downstream  channel  blocks  in  the  outlet  works  channel  were 
removed,  with  the  upstream  plug  removed  last.  A  construction  haul  road  across 
Big  Bull  Creek  wm  used  for  the  divers  in  dike.  Foundation  preparation 
lnoluded  much  excavation,  stream  bank  excavation  and  cleanup  of  bedrock  in  the 
alosure  area.  StreM  banks  were  excavated  to  1  on  3  slopes  concurrently  with 
placement  of  channel  fill  upstreM  of  oofferdM.  UpstreM  oofferdM  was 
oonstruoted  to  Elevation  906.0  and  downstreM  oofferdM  to  Elevation  873. 
Kxoavation,  cleanup  and  grouting  was  completed.  Closure  was  made  In 
15  June  1980. 
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CHAPTER  7 


IHSTSUMENTATION 


7-01.  General.  Qnbankment  instrumentation  was  installed  during 
construction  to  provide  movement  measurements,  pore  water  pressure 
measurements  both  in  the  foundation  and  embankment,  and  groundwater  levels  for 
use  in  evaluating  the  performance  of  the  dan.  The  Contractor  was  responsible 
for  the  Installation  of  some  of  the  devices  and  some  were  installed  by  the 
government.  Six  types  of  observation  devices  were  installed  in  the 
embankment:  open  tube  piezometer  devices,  air-operated  piezometer  devices 
(pressure  cells),  inclinometers,  foundation  settlement  devices,  allnement 
monuments,  and  crest  settlement  monuments.  Construction  sequence,  topography, 
and  geology  were  considered  in  locating  each  device.  Plate  152  shows  the 
location  of  each  device.  One  line  of  piezometers  was  located  in  the  closure 
area,  a  second  line  across  the  main  valley  area,  and  a  line  in  the  Little 
Bull  Creek  channel  area.  Additional  piezometers  are  located  in  the  abutments. 

7-02.  EJLezoagUra , 

a.  Air-operated  Piezometers.  There  are  14  air-operated  piezometers 
installed,  1  in  the  embankment,  6  in  the  overburden,  and  7  in  the  foundation. 
Generally,  the  air  cells  indicate  the  upstream  overburden  is  saturated,  and 
the  Drum  limestone  is  fairly  open  allowing  water  to  reach  the  Quivira  3hale 
with  little  headloss.  The  foundation  air  operated  piezometers  are  located  in 
the  upper  portion  of  the  Quivira  shale  directly  below  the  Drum  limestone  and 
they  show  a  fairly  rapid  response  to  pool  fluctuations. 

b.  Open  Tube  Piezometers.  There  are  52  open  tube  piezometers  and 

4  foundation  settlanent  gages  with  open  tube  piezometers  isntalled,  12  in  the 
embankment,  13  in  the  overburden  (including  settlement  gage  piezometers), 
and  31  in  the  foundation. 

c.  Performance.  It  is  suspected  that  the  fluctuation  with  the  pool 
of  the  upstrean  piezometers  in  the  Quivira  is  a  result  of  influence  from 
seepage  through  the  limestone  layer  overlying  the  shale.  This  is  supported  by 
the  fact  the  upstream  piezometric  levels  of  piezometers  whose  tips  are  located 
deeper  in  the  Quivira  do  not  respond  as  quickly  or  as  high  as  those  closer  to 
the  limestone.  The  piezometers  in  the  Quivira  downstream  of  the  dam  axis  do 
not  fluctuate  with  the  pool.  Piezometers  in  the  Quivira  shale  under  the 
embankment  indicate  excess  pore  water  pressure  is  still  present  from 

const j uction,  however,  it  is  dissipating.  Piezometers  in  the  Drum  limestone 
in  the  valley  indicate  the  Drum  is  open  jointed  and  the  cutoff  trench  is 
functioning  with  upstream  devices  response  to  pool  changes.  The  Drum  appears 
to  be  much  tighter  in  the  abutments  than  in  the  valleys,  with  pore  water 
pressure  build  up  during  construction  and  little  or  no  dissipation. 

Piezometer  data  agrees  with  observations  made  during  construction,  the  Drum 
was  weathered  and  upon  Jointed  in  the  cutoff  trench  across  the  valley  and 
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tightly  Jointed  and  relatively  impermeable  in  the  abutments.  The  Westerville 
limestone  which  underlies  the  Quivira  shale  also  appears  to  be  relatively 
impervious  showing  pore  water  pressure  buildup  during  construction  with  slow 
dissipation.  All  of  the  piezometers  in  the  embankment  are  located  in  the 
impervious  zone,  and  they  generally  show  a  continued  dissipation  of 
construction  pore  pressure  with  the  highest  pressures  in  the  bottom  of  the 
cutoff  trench.  Piezometer  data  is  presented  on  Plates  193  through  260, 

Details  of  observation  devices  are  shown  on  Plate  1 53 • 

7-03.  Inclinometers.  Eleven  Inclinometers  are  installed  in  the 
embankment  to  provide  a  means  of  measuring  horizontal  movements  at  differenet 
depths  within  the  foundation  and  embankment.  The  locations  of  these  devices 
are  shown  on  Plate  153  with  individual  plots  of  movement  on  Plates  261  through 
271.  Inclinometer  data  shows  movement  up  to  3  inches  with  most  of  it 
occurring  during  the  first  year.  Generally  readings  are  fluctuating 
indicating  movement  has  stopped. 

7-04.  foundation  Settlement  Plates.  There  are  four  foundation 
settlement  plates  located  in  the  foundation  overburden.  Actual  settlement 
agrees  with  the  predicted  settlement  of  1.5  feet.  Plates  193  through  196 
show  settlement  data  with  the  maximum  total  settlement  1 .43  feet  and  the  rate 
of  settlement  decreasing.  Most  of  the  settlement  occurred  during 
construction. 

7-05.  Alinement  Monuments.  Four  lines  of  alinement  mcnuments  provide 
horizontal  and  vertical  movement  measurements.  Alinement  data  is  presented  on 
Plates  156  through  I92.  Alinement  monument  lines  A,  B,  and  C  indicate  a 
decreasing  rate  of  settlement.  The  settlement  is  predominately  in  the  closure 
area  on  lines  A,  B,  C.  Line  D  is  submerged.  The  maximum  total  vertical 
movement  is  0.251  feet  of  settlement  on  line  A.  The  largest  total  horizontal 
movement  is  2.63  centimeters. 

7-06.  Crest  Settlement  Monuments.  Nine  crest  settlement  monuments 
indicate  uniform  settlement.  The  maximum  settlement  is  0.135  feet  in  the 
closure  area.  The  centerline  profile  surveyed  at  100-foot  intervals  shows 
close  agreement  with  the  cre3t  settlement  monuments  indicating  uniform 
settlement. 
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1.  Right  Abutment  Cutoff  Trench. 


« 
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2.  Station  116+50.  Downstream  Slope  of  Cutoff  Trench. 
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3.  Cutting  Box  Sample  From  Quivira  Shale. 
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12.  Vibratory  Roller  Compacting  Pervious  Fill. 
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13.  Spreading  Pervious  Blanket. 
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15.  Compacting  Pervious  Fill. 


16.  Protection  for  Instrumentation  During  Construction. 

(Foundation  Settlement  Devise  on  Left  and  Piezometer  on 


Right). 
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17.  Grading  Embankment  Fill. 


18.  Compacting  Fill. 
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20. 


Twelve  Inch  Riprap  In  Place. 
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jyy  .  %*i'£ 

6i93iO~~-^^  '  "  ~S/cpe  interceptor  di/ch . 

Random^\~  .  ^ - 2  r^ 


■ropscd  and  seeding 


950 1  6  mbonkmenT 


Appro x  ground  surface ' 


Strip  as  required^ 


.  pe:  \  pirn  -  4  f^rrv/oos  Conner  ’  to 

»j0te  \  horizontal  per  nous 

for  excarat  ion  and  f::l  a e  tans  \  starting  at  sta  75*00/ 

from  Sta  76*50*  to  Sta  30*00*  '-Backfilled  Cutoff  trench  ■  Stage  1 
see  Dtvg  No  £6'  and  B9 


'■  See  plan  of 
pervious  dram 
D*g  No  B5 


Ji*ch  grsae  fc  cc-  ee'sc  .'. 

TYPICAL  6'  1 


STA.  76450 

TYPICAL  FWOM  STA  73+00  TO  STA.  81  +  00  UPSTREAM 
TYPICAL  FWOM  STA  73+00  TO  StA  87+00  DOWNSTREAM 


SLOPE  PROTECTION  DETAIL 


Topsou  and  seeding .  ''  r'P'*r  nr 

*  '  it  heacnng  - — 

^I2  "'prtp  on  \  Ft  942  2  <  £19527 


Axis  o'"  Dam 

!  UJSZ2 
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Kandohote^  \  f?2*27'^& 07  \  \  -  --  u.ooe  mtc'ceptor  ddch,.  / 
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\  \  ZtZ't00 ~~ 

^-/tpprox  ground  surface  /  v  -P°  ^  Jr  «•  ^  ♦  5. 

'■Existing  embankment  ''‘age  I  )  impervious  c doff  fren-h,  Stage  /  tr 


s-  TopsO'l  and  Seedmg 


F!J05.t_ 
/V  3 ‘  35  4 


'■Existing  embankment  ''‘age  I 
Sta  82 tOO  to  Sta  96+30'  - — ” 


-  -  2 '  bedding 

"I.7TT Z  ^  ■  "  AK, 

^  detail  B  ■  ** 

5^  of  (^emeu*  G'a<  ~‘.S*  t-  35 


STA.  90+00 

TYPICAL  FPOM  STA  82+00  TO  STA  96+30  UPSTWCAM 
TYPICAL  PWOM  STI.  68+00  TO  STA.  96400  OQWWSTWeAM 


_  ?r r.-p' 9 p  on 
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/0  Rock  / p  ,  \ir  Impart 

service  n>ad  ^  Renicm  f™ 


Randcm 

tout-  7ki  *oi/T 


’  - — Slope  m terreptor  ditch 


^ Approx  ground  surface-'  Strip  as  requred-r 
Safe  The  stream  bank's  of  L<fffe  Bull  Creek  benr-atr  t‘.n  ■  mh. >.->• 
be  excavated  to  ten  ?  stapes  or  as  directed-  3-*  >  •  ’uxilpe  **j 

m  rhe  embankment  except  use  •  .:>'  ■.  t.v’>  ,P'.v.'>'j‘r  eu“ 

3+00  4+00  3+00  2+00 


Cut  of*  *rerch  Ttege  / 


TYPICAL  TOE  GU 
K  * 


No  te 

*0’ Rock  serv.ee road  starts  at 
l  Stahon  54+80.  see  plan  on 
Dwg  No  0/ 


STA.  1 00+ 00 

TYPICAL  PWOM  3T»  >7+30  TO  STA.  IU+7Q  UPSTREAM 
TYPICAL  FWOM  Sfr  9ft+OQ  TO  STA  111+ TO  POWlsfilCAil 


V*  7  beeping  ■ 


^,AX'S  Of  03'7> 

\  a  95  i  2 


!  '  Topsof  and  seeding  930 

■rjriOUS  ~J~TZ  - 

- Qrrrious  \ 

)' '  Approx  f  rpund  surfjcr' 

'  ■#  TranS't-on  from  ■'  on  (?  slopes  at 

sta  56,’OQ  to  on 4  a*  sis  bO'OO 


STA.  32*00 

ICAL  PROM  STA  M+00*  TO  $T4  60*00 


".ope  interceptor  ditch. 


Afoto 

Riprap  and  bedding 
WO  tegms  af  Sta 

?'■  '-prep  on 

V*  heria<ng — ,  r>  gtf? 

Topsoil  and  seeding  ?  \ 
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Approx  ground  surface'  J  tooer 


C  6Te 

See  jwg  3 1  rc  9  opes 
between  3 fa  (>0*00  ar>c  64?00  oopnstrcam 
Axis  of  Oam  /OOP 

Of  9522  _ 

/J?  @+j  -  ^  topsoil  an  i  seeding 
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—Slope  mTerceptor 


Strip  as  'egif/'ed 


TYPICAL  UPSTREAM  TOE  DETAIL 


Imper  v/cus-f-  Per  riot*  c  j'  Pervious  *  s"/onf  - 

.  _  ,  ASec'fxan.f  pervious  Jra>' ,C*gd5 

Cutoff  Trench. Stage  I  f^p^enta,  extent  of  perries 
_  I  ,  i  i  Per vi do s  starts  a'  sta  57*00 

l+oo  0+00  1*00  v  f  2+00  3+00 

S12S.  Pervious  bgcffi/t  m  cutoff  trench 

TYPICAL  PROM  sta.  6O+OO  to  STA.  72+00  buried  from  sta  44*36*  to  sta  75*00* 

(see  Dwg  Ho  S3) 
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Topsoil  and  \mtt3T <es_. 
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i  /P  3*954 


'-'See  plan  of 
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I  surface 
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TYPICAL  8*  TOE  DITCH  DETAIL  fate 
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*T mn  \JranSttxjn . 
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S'  toe  d-tth  downstream  > 
Sta  .8*00  to  Sta  lOBfOO  and 
as  shown  on  Dug  Ho  SZ  j— 


Note  : 

inspection  trench  extends 
from  Sta  EtiO*  tc  Sta  43*75 * 

DETAIL  INSPECTION  TRENCH 

No*  to  scale 


Joe  gutter  Ditch 


1  Perm  jr  Random 

7  Pervious  Zl 


C  Original  ground  surface 


*,  .-Toe  gift*' 

"^<2r  /  ditch 


\  x Strip  as  required 


"*■ e'cep*or  ditch ^ 


^Topso’i  and  seeding 

(  C  905  t 
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beddmg 
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x  See  plan  of  parviou*  dr&in , l)nj  35, 
to*  h,  -  C  <r\f'.-hf  of  per  v/:1uf> 


- 1  .  mvl  *r  12'  Riprap 

Slush  grout  top  /O' 

TOE  GUTTER  DITCH -8’  TOE  DITCH 
CONNECTION  DETAIL 


Ape  n  i  ground  surface - 


LEFT  AND  RIGHT  ABUTMENTS 
DOWNSTREAM  EMBANKMENT  TQE  DETAIL  A 

7p  ID’  No*  to  sc  a  la 

jrtzeavate  impervious  and 
/ connect  horizontal  pervious 
j  where  applicable,  from 
downstream  i  Sta  75*00*  to  Sfff  !J6 +00* 

„  f  fu/off  Trench  j  the  horizontal  pervious 

f  i  shah  be  connected  to  the 

I  foundation  inclined  pervious. 


Strip  as  requ/red  — 


Hjcrci  top  of  bed'oek 


S>!ooe  nries 
<n  becrock-.^t 


5‘np  as  reou.red- 


u*oft'  f’evh  extends 
•orv  Sta  4 5*75'-  !r  ftaU’i  *40t 


TYPICAL  EXISTING  CUTOFF  TRENCH  -  VALLEY  ANQ  ABUTMENTS  (STAGE  I) 

•«  ««  RECORD  DRAWING 


ropsc.i  ana  seeding 


L  *75 
XP  3*354 


"  2  bedding  ,r 

toil  sha::  t,*  -<■  ■> 


-  if  bedding 


topso.’  ano  see  a  ng 

Riprap  slush  grouf-~. 
&ne>  AJViI3\ 


Note  CONTRACT  NO  0ACW41  ’SC0I1> 

•vn*  g.nre-  *<  "  e‘  20*tn stream  *oe  S*a  a*  tOC  to 
Stj  78*3C  ond  St i  '  V  f-  70*  V/.  +ps*'€de>  toe 
S-e  '9*50  hsJta  (7*30 


*7"  Siush  grou'ed 


TYPICAL  TOE  GUTTER  DITCH  DETAIL 
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■  ce  of  sersK’.e  nxr<f 


A  toe.  d-trh.it  iirwn 
U'  -sr  roe  Sta  J3*0C 
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Slush  grout  top  !C' 


Pax. sea  for  As  8u.it  '  conditions  faS 

OtSCRIPHON  ’  c 

REVISIONS 

BIG  BULL  CREEK  KANSAS 

HILLSDALE  LAKE 

STAGE  IB  CONSTRUCTION 
EMBANKMENT  SECTIONS  AND  DETAILS 


Dwq  No 

CORPS  OP  ENCIMERS 
MNSAS  CllY  OtSTftICT 

-  *"  A  Zxt-ii. 


tae/tftfaj 

DATE  APf+0 


TYPICAL  4  TOE  DITCH  OETAIL 

Het  -or 


4?"  riprap 
pbdd-ng 


£!  905  2 

24"  i,  me s font  f? J 

idbaJe 


DOWNSTREAM 

lapse,  >  a-xi  S-ec.'ij 

-Slope  /nrercepri 


'  Approx  or  Our  3  So-  fjc.C 
V/  Between  Station  JU 770 &td  U?tlD  transition  from 
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I  1  ._ _ I _ 1 _ 1 _ I _ 


•  Back  f' fled  cutoff  trench  Jf.jpe  14  s>  ~ee  toede+sd/S 
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from  random  a  id  barm  mater,  j/s  to  imperi/>&js 


3+00 


4+00 

Nc*e 

2d  “  1 1  me  s  *c  n*  s.oai •  unco 
on  'and  4  siope  between  St&  s 
If  St  70  and  1/31 70 


2+00 


STA.  112+70 

TYPICAL  FROM  STA  112+70  TO  STA  1(3+70  DOWNSTREAM 
TYPICAL  FROM  STA  111*70  TO  STA  112+70  UPSTREAM 


cor  embankment  5 ect-on 
ouHet  works  see  No  S » 


/  y 


ftiprpr  siosfi  y:  i.hj 
,r  the  interceptor 
arc  toe  d-  *cne$  a: 
shown  Radius  *<■■’  be 
seT  bw  'ontract  t  , 
n*f-.cer 

4C  M*us  .v.wn 

d'fch 


4  '  a- tc* 


'S-** 


TYPICAL  SLOPE  INTERCEPT! 


TQfc  DITCH  CONNECTION 


EMBANKMENT,  SECTIONS  ANO  Of  TAILS 


3*  ft ■  O' and  D/3 


typical 

SECTION  A 


IYPICAL 
SECTION  B 


Owfl  No 

cn««>s  o*  iNr^h»*f! 


UPSTREAM 


DOmSTRlAM 


o  'opso/iand 

;  ssa  x^,ng - 


Ans  o'~  Dan- 

c  3s/:'  \ 

R  O'.  6  \  ' 


Existing  ground  Surface-, 
ixgt.ng  <■*  'crude  n,.  -ne  I 
7  kiAM0C0  p‘pC  ‘ne  iso 


1+00  0+00  1+00 

PIPELINE  ENCASEMENT  DETAIL  "A" 

_ . _  (AXIS  Of  QAM)  _ _ _ 


fu  SOUTH  ACr.eS  -  4 '0*0  S-:  ‘ 


;  9‘Topso>!  *  Seeding 


l/q’-  ,9' Topsoil  /  Seeding 


ground 

SPILLWAY  DIKE  Surface 

Hot  to  Scale 


RECORD  DRAWING 


FT.  LARAMIE -FREEMAN  24"  PIPEUNE 
RELOCATION  FOR  HILLSDALE  LAKE 
TOP  OF  24"  LINE  UNDER  SPILLWAY 


COHTMCT  HO  0tcm*\  IWOIU 


993  81 
19  S3  943  89 


/.r— yZZSFAT  CLAT 

WlL/rec  "  —  -  --- - 

Woec  HFs  La  :-~/3  tend 


-so,  n/carb  ptgsj_ 
'w/sis  law 


E  XCA  VA  T  ION  L  /.V/  7  S 


Approx  Existing  Ground  Surface^ 


RAfTOWN  Ls 
MUNC/E  CREEK  5> 

.  ~PA0LXTs 


+  49 

♦  34' 

♦90' 

♦49' 

♦  90' W  BEND 

TOP  OF  f>1  PI  AT  TIE  IN 
TOP  CF  PIPE  AT  NE*  UP* 


17.72  93100 

18  0€  930  86 

18  16  930.37 

18.16  930  96 

*8  30  930  42 

I  81  941  91 


SPILLWAY  PROFILE 


PLATE  NO  13 


BEDDING,  SPALLS,  AND  RIPRAP 


PERCENT  BY 

SIEVE  SIZE  WEIGHT  PASSING 


SOURCE  LOCATION  GEOLOGIC  UNIT 

Klllouqh.  Inc.  SW  V«,  Sec  27,  T.  16  S..  Spring  Mill 

Qy.  No.  04  (Bones)  R  22  E.,  Miami  Co.,  Kan*.  limestone 

See  Note  1 

Note  1:  Only  the  upper  14  feet  acceptable  lor  riprap 

Except  for  12-inch  riprap,  stone  for  all  other  riprap  shall  not  be  placed  during  the 
period  t  November  to  i  April  unless  supplied  from  free  draining  stockpiles  con¬ 
structed  at  least  60  days  prior  to  placement.  Said  stockpile  material  shall  be 
tested  for  gradation  and  re-processed  as  necessary  prior  to  delivery  to  the  Job 
site. 

MATERIALS  Stone  tor  riprap  and  bedding,  except  24-Inch,  shall  be  sound, 
durable  limestone  free  from  cracks,  seams,  shale  partings,  and  overburden  spoil. 
The  existing  stockpiles  of  limestone  In  addition  to  materials  from  required  ex¬ 
cavation  may  be  used  for  24-1  nch  limestone- shale  slope  protection  and  rock  fill. 


BEDDING  (TYPE  l) 


5-inch 
3-inch 
1-1  nch 
Vi -inch 


Maximum  Allowable 
75-95 
40450 
20-40 
0-20 


BEDDING  (TYPE  II) 


l-i  nch 
3/8-1  nch 

M 

it8 

*40 


Maximum  Allowable 
75-95 
35-55 
20-40 
0-20 


ELONGATION: 

RIPRAP.  Stone  for  riprap  shall  be  approximately  rectangular  in  cross  section 
and  be  relatively  tree  trom  thin  slabby  pieces  having  an  elongation  ratio  greater 
than  3.  axcept  atone  for  24-inch  limestone-shale  end  rock  fill,  in  no  caee  shall  ths 
quantity  of  atone  having  an  elongation  ratio  greeter  than  3  exceed  5  percent  by 
weight  of  any  one  load  or  area. 

BEDDING  AND  SPALLS  larger  than  the  I -l nch  standard  sieve  shell  be  reasonably 
trae  from  flat,  elongated  panicles. 


BEDDING  (TYPE  III) 


6-1  nch 
3-lrtch 
1  Vi -inch 
vs-lnch 

*4 

#10 

*20 


Maximum  Allowable 
70-90 
56-75 
35-65 
15-35 
0-20 
0-5 


DELETERIOUS  SUBSTANCES  which  include  soft  friable  panicles,  shale,  objec¬ 
tionable  materials,  and  other  foreign  matter  shell  not  exceed  10  percent  by 
weight. 


•4  neb 
8-ineh 
2-Inch 
l-inch 
ti-mcn 


SPALLS 

Maximum  Allowable 
75-95 
40-60 
2040 
020 


WEIGHT  IN  PERCENT  OF 

POUNDS  TOTAL  WEIGHT 

PER  STONE  LIGHTER  THAN 

12-INCH  RIPRAP 


120* 

60* 

30* 

5# 


too 

60-90 

30-50 

015 


200# 

150* 

50* 

IS* 


15-INCH  RIPRAP 

100 

60-90 

30-50 

010 


21-INCH  RIPRAP 


300# 

isoe 


80-90 

30-50 

015 


30-INCH  RIPRAP 


1200* 

900* 

350* 


85-95 

3050 

015 


WASHING-  Type  ill  bedding  that  Is  placed  over  the  downstream  and  of  the  per- 
vtout  drain  shall  be  washed  with  •llhcr  a  tog  washer  or  a  screw  washer  at  the 
Contractor's  option. 
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SUPPLEMENT  A  PLATE  NQ  IT 


ELEVATION  IN  FEET  ABOVE  MEAN  SEA  LEVEL 


ANNUAL  PERCENT  CHANCE  OF  POOL  EXCEEDING  GIVEN  ELEVATION 

(MAXIMUM  ANNUAL) 
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CONTENT 

WATER 

CONTENT 

(SXOPT) 

106.8 

19.8 

102  8 

20.8 

j  107.2 

100.4 

20.8 

+  10 

*106.4 

99.6 

*21.4 

+  1.6 

105  8 

21  0 

1045 

19  7 

103.3 

97  6 

21  6 

+0.6 

*104.4 

98.7 

*22.2 

+  1.2 

104.5 

19.4 

104.5 

19  9 

1059 

101.3 

20.5 

+  1.1 

1044 

99.9 

20.7 

+  1.3 

108.4 

17  6 

107.1 

17.2 

107.5 

99  2 

,73 

-0.3 

Ml  1 34 

1046 

*17.4 

-0.2 

102.0 

21.0 

100.5 

20.6 

105  8 

103.7 

16.6 

-2.4 

1043 

1022 

1 9.9 

-l.l 

103.5 

19.4 

103.4 

19.8 

103.0 

99  5 

22.1 

+27 

*103.7 

100.2 

*22  4 

+30 

104.6 

!  9.7 

103.8 

19  8 

103  4 

989 

22.1 

+  2  4 

105.2 

1006 

20  7 

+  10 

106  4 

18  8 

105  1 

19  4 

103.5 

97  3 

21.5 

+  2.7 

*104.7 

984 

*20.6 

+  1.8 

1020 

21  2 

98.0 

20.7 

98.4 

96.5 

245 

+  3.3 

101.1 

99.1 

23.1 

+  1.9 

109.1 

18.0 

105.4 

18.7 

107.3 

984 

159 

-2  1 

>107.2 

98.3 

*  15.4 

-2  6 

107.5 

18.2 

102.0 

19.6 

107.1 

99  6 

19.5 

+  1.3 

*108.6 

101.0 

*19.2 

+10 

102.0 

214 

1027 

21  3 

97  6 

95  7 

21.8 

+0.4 

*103.5 

101.5 

*21.4 

0.0 

103  4 

20.6 

99.5 

21.2 

102.5 

99.1 

18.8 

-1.8 

102.9 

99.5 

19.1 

-1.5 

105.0 

19.2 

1008 

21.5 

103.3 

98.4 

19.9 

+0.7 

*108.0 

102.9 

*19  7 

+0.5 

105.0 

19  8 

102.7 

19.4 

101.8 

97,0 

19.6 

-0.2 

101.6 

96.8 

19.9 

+0.1 

104.4 

20  6 

98.9 

23.1 

103.1 

98.7 

22  6 

+  2.0 

98.1 

94.0 

24.3 

+37 

105.5 

194 

979 

21.0 

1044 

98  9 

22  4 

+  3.0 

104.7 

992 

21  4 

+2.0 

106.3 

18.3 

102.3 

20.3 

105  3 

99  1 

20.9 

+2.6 

102.6 

965 

21.4 

+3.1 

102.6 

200 

98.7 

22  5 

ID  4.8 

101.9 

21.8 

+  1.8 

995 

96.8 

21  8 

+  1.8 

103.6 

20.6 

100.0 

21  5 

101  2 

97  7 

22  2 

+  1.6 

1002 

96.7 

22  0 

+  12 

102.5 

19.6 

98.7 

22  3 

103.0 

100.5 

20.0 

+  0.4 

966 

942 

20.7 

+  u 

106.2  i 

19.0 

100  5 

20.7 

1070 

100.8 

20.9 

+  19 

103.4 

97.4 

20.2 

+  1.2 

107  5  j 

18.6 

104  6 

184 

109.1 

101.4 

19.7 

+  1.7 

109  1 

101.5 

19.8 

+1.2 

ONTROL  SUMMARY 


U  $  ARMY  ENGINEER  DISTRICT 
CORPS  OF  ENGINEERS 
KANSAS  CITY.  MISSOURI 


BIG  BULL  CREEK,  KANSAS 

HILLSDALE  LAKE 

EMBANKMENT  CRITERIA  REPORT 

RECORO  CONTROL  DATA -STAGE  I 
STANDARD  COMPACTION  TEST 
LABORATORY  VS  FIELD 


SEPTEMBER  IM4 


I  Of  I 


0-15-1064 


RECORD  CONTROL  SAMPLE 

— 

SOIL  CLASSIFICATION  DATA 

STANDARD  COMPACTION  TEST 

T 

1 

DENSITY  AND  MO 

| - 

FIELD 

M.R.D.  LABORATORY 

FIELD 

M.R.D 

LAB 

SAND  CONE  DATA 

RANGE 

ELEVATION 

ZONE 

LL 

Pi 

CLASS 

triaxialtest 

SPECIMEN 

COMPACTION 

TEST  SPECIMEN 

MAX.  DRY 
DENSITY 
(PCF) 

OPT.  MOIST  ; 
CONTENT 

:%) 

MAX  DRY 
DENSITY 
(PCF) 

OPT  MOIST 
CONTENT 

1%) 

DRY 

DENSITY 

(PCF) 

COM-  WATER  WATER 
PACTION  CONTENT  CONTENT 
(%)  (%)  (;%OPT> 

LL 

pi 

CLASS 

LL 

Pi 

CLASS 

RC-I50I 

17+00 

0+  I5U/S 

941.0 

— 

IMP 

•  74 

52 

CH 

70 

50 

CH 

83 

65 

CH 

95.0 

24.8 

933 

24  8 

98  8 

104.0 

25  2 

+0  4 

RC-1503 

II446S 

2+000/S  901  5 

IMP 

:  37 

21 

CL 

36 

20 

CL 

35 

10 

CL 

112.2 

15.5 

m.7 

15.3 

110.6 

987 

17.4 

+  1.9 

RC-1520 

112+00 

0+80  D/S 

901.0 

IMP 

35 

21 

CL 

36 

2  1 

CL 

40 

26 

CL 

112.2 

15.6 

112  5 

15  6 

110.6 

98  6 

17.6 

+  2  0 

RC-1552 

43+40 

0+70D/S 

943.0 

IMP 

37 

36 

CH 

64 

50 

CH 

62 

47 

CH 

101.0 

21.2 

loi.e 

20.2 

102.2 

101  ' 

21  8 

+0.6 

RC-1507 

110  +  00 

0+20D/S 

912  6 

IMP 

30 

1  5 

CL 

29 

15 

CL 

30 

16 

CL 

116.3 

13.4 

114.8 

13.7 

116.8 

1004 

14  8 

+  1.4 

RC-1597 

115+75 

0+500/S 

914.5 

IMP 

I  28 

14 

CL 

31 

15 

CL 

30 

16 

CL 

116.7 

13.7 

117  4 

12  7 

103.7 

97.4 

14.2 

+0.5 

RC-I6I2 

€4+30 

0+180/S 

927.5 

IMP 

;  46 

29 

CL 

52 

37 

CH 

54 

37 

CH 

104  2 

18  8 

104.8 

19  5 

1069 

102  6 

20.1 

+  1.3 

RC-1636 

53+30 

0+35U/S 

930.0 

IMP 

54 

33 

CH 

59 

44 

CH 

62 

46 

CH 

101.6 

21.1 

101.5 

21.1 

103.2 

101.6 

214 

+0.3 

RC-1657 

70+00 

1  +  20D/S 

920.0 

RANDOM 

49 

31 

CL 

56 

42 

CH 

55 

41 

CH 

103.5 

19.9 

101. A 

20.7 

100.8 

97.4 

23  4 

+  3  5 

RC-1667 

59+30 

0+40  D/S 

934.0 

IMP 

46 

29 

CL 

59 

45 

CH 

49 

36 

CL 

107.3 

18.0 

107.1 

18  2 

II  1.8 

104  2 

16.6 

-i  4 

RC-1675 

114+00 

0+800/S 

917.0 

IMP 

43 

28 

CL 

51 

38 

CH 

47 

35 

CL 

109.4 

16.0 

109.5 

16  3 

108  4 

99.0 

18  6 

+  2.6 

RC-1702 

119+00 

0+45U/S 

920  0 

RANOOM 

41 

23 

CL 

52 

38 

CH 

43 

29 

CL 

106.9 

17.3 

106.7 

19.4 

II  0.0 

102.8 

17  2 

-0  1 

RC-1762 

58+60 

0+t  5  U/S 

937.0 

IMP 

40 

25 

CL 

42 

30 

CL 

36 

21 

CL 

110.7 

16.2  | 

113.2 

14.6 

1 14.0 

103  0 

15.2 

-  1  0 

RC-1768 

113+30 

0+55U/S 

929  5 

IMP 

39 

20 

CL 

42 

28 

CL 

36 

18 

CL 

107.1 

16  8 

109.2 

16.3 

106.8 

99  8 

18.3 

+  1.5 

RC-1836 

78+50 

2+ 10  U/S 

8790 

IMP 

56 

38 

CH 

67 

53 

CH 

57 

43 

CH 

104  0 

20.2 

102  0 

20.1 

106  4 

1014 

196 

-0  6 

RC-1928 

68+20 

0+20U/S 

931  0 

IMP 

32 

1  8 

CL 

38 

28 

CL 

33 

22 

CL 

114.3 

14.4 

1 14.7 

14  7 

120  0 

105.0 

12  0 

-2  4 

RC-1943 

63+50 

0+1 2  U/S 

940.0 

IMP 

54 

35 

CH 

66 

51 

CH 

55 

40 

CH 

103.2 

20.4 

1014 

22.7 

107.2 

104.0 

197 

+  0.7 

RC-1960 

81  +  00 

o+eou/s 

864  6 

IMP 

40 

23 

CL 

53 

36 

CH 

39 

25 

CL 

106.6 

17.5 

107.7 

17  8 

108  0 

99  5 

i  e  6 

+  1  1 

RC-2008 

79+50 

0+90  U/S 

877.8 

RANOOM 

41 

25 

CL 

54 

40 

CH 

45 

31 

CL 

108  3 

17.2 

107  3 

18  7 

NO  2 

101  8 

1  8  7 

+  1  5 

RC-2016 

82+50 

1+  00  D/S 

871. 5 

RANOOM 

43 

28 

CL 

54 

43 

CH 

44 

30 

CL 

II  1.0 

16  1 

108  4 

18  0 

.  1102 

99  3 

17  2 

+  1  1 

RC-2036 

83+45 

0+37  D/S 

880.0 

IMP 

37 

21 

CL 

37 

21 

CL 

36 

22 

CL 

110. 1 

16.1 

109.1 

17  0 

1114 

101  1 

17  9 

+  1  8 

RC-2065 

78+50 

0+90U/S 

864.0 

RANOOM 

50 

33 

CH 

60 

47 

CH 

51 

37 

CH 

105  0 

19  0 

106  3 

18  5 

1114 

106  0 

17  2 

-  1  8 

RC-2091 

78+00 

0+30D/S 

891  5 

IMP 

34 

20 

CL 

30 

1  7 

CL 

33 

22 

CL 

113.0 

15  5 

112. 3 

15  7 

113  1 

1000 

15  4 

-0  1 

RC-2109 

81  +  25 

0+850/S 

884  0 

RANDOM 

49 

32 

CL 

47 

32 

CL 

48 

34 

CL 

107.0 

18  8 

104.3 

20.0 

107.6 

100  6 

20  i 

+  1  3 

RC-2142 

84+30 

1  +  25  D/S 

8875 

RANOOM 

70 

50 

CH 

75 

58 

CH 

75 

58 

CH 

96  6 

23.7 

92  0 

24  2 

99  0 

102  6 

23.8 

+  0  1 

RC-2148 

82+25 

1+45  U/S 

901.0 

RANOOM 

46 

30 

CL 

51 

38 

CH 

49 

34 

CL 

1059 

190 

103.9 

19.3 

104  5 

98  7 

210 

+  2  0 

RC-2I8I 

80+00 

0+25D/S 

902.0 

IMP 

50 

34 

CL 

53 

35 

CH 

53 

39 

CH 

106.8 

18.9 

106.3 

19.4 

101.4 

94.9 

19  0 

+  0  1 

RC-2109 

77+00 

0+750/S 

908.0 

RANDOM 

57 

41 

CH 

61 

41 

CH 

32 

14 

CL 

103.0 

20.7 

100.3 

22  0 

1060 

102.1 

21  0 

+  0  3 

RC-2227 

82+50 

0+35  U/S 

905.0 

IMP 

57 

40 

CH 

48 

33  ! 

CL 

59 

46 

CH 

102.6 

20.3 

100  8 

20  0 

1  101  5 

98  9 

19  2 

-  1  1 

RC-2250 

80+00 

1+25  U/S 

910.0 

RANDOM 

lJ!_^ 

41 

CH 

53 

— 

37 

J!U 

45 

CH, 

100.0 

218 

102.3 

22  2 

j]  103.5 

103.5 

19  7 

-2.1 

STAGE  HT  RECORD  CONTROL  SUMMARY 


I 


STANDARD  COMPACTION  TEST 

- - - r - 

FIELD  M.R.D.  LAB 


DENSITY  AND  MOISTURE  CONTENT 

SAND  CONE  DATA  UNDISTURBED  DATA 


COMPACTION 
TEST  SPECIMEN 


MAX. OUT  OPT  MOIST  MAX  DRY  OPT  MOIST  ORY  COM-  WATER  WATER  DRY  COM-  WATER  WATER 
OeMS'TY  CONTENT  DENSITY  CONTENT  DENSITY  PACTION  CONTENT  CONTENT  OEnSiTY  PACTion  CONTENT  CONTENT^ 

<KF)  (%)  (PCF>  (%)  {PCF)  (%»  (%)  <‘%OPT)  (PCf)  l%>  <%)  |.%OPT>i 


65 

CH 

95.0 

24  8 

93  3 

24  8 

98  0 

104  0 

25  2 

+0.4 

96  8 

IOI  9 

25  8 

+  1.0 

a 

CL 

112.2 

15  5 

M  1.7 

15.3 

110.8 

98  7 

17  4 

+  1.8 

1088 

97  0 

17.7 

+2.2 

28 

CL 

112  2 

15  6 

112  5 

15  6 

110  6 

98  6 

17  6 

+  2  0 

110.6 

986 

15.9 

+0.3 

47 

CH 

ioi.o 

212 

101.8 

20  2 

1022 

101  1 

218 

+0.6 

100.4 

99  4 

224 

+  1.2 

16 

CL 

116.3 

13  4 

114  8 

13  7 

116  8 

100  4 

14  8 

+  1.4 

II  5.1 

990 

15.5 

+2.1 

1  6 

CL 

116.7 

13  7 

117  4 

12.7 

103.7 

97.4 

14  2 

+0.5 

112.7 

96  6 

15.6 

+  1.9 

37 

CH 

1042 

18  8 

104  8 

19  5 

106  9 

102  6 

20.1 

+  1.3 

102  9 

98  8 

21.3 

+2.5 

46 

CH 

101.6 

21.1 

101.5 

21.1 

103  2 

I0J.6 

2  J.4 

+0.3 

105.5 

103.6 

21.6 

+0.5 

41 

CH 

103.5 

19.9 

1 0 14 

20.7 

100.8 

97.4 

23  4 

+  3  5 

100.0 

96.3 

22.2 

+  2.3 

36 

CL 

107.3 

i8.0 

107.1 

18  2 

Ml. 8 

104.2 

16  6 

-1.4 

107.4 

100.0 

21.1 

+3.1 

35 

CL 

109.4 

16  0 

109.5 

16  3 

!Q8.4 

99  0 

1  8  6 

+  2.6 

105.3  . 

96.3 

19.8 

+3.8 

29 

CL 

106.9 

17  3 

106.7 

19  4 

II  0.0 

102.8 

17.2 

,  -0  1 

111.3 

104.1 

17.0 

-0.3 

21 

CL 

1107 

16  2 

113.2 

14.6 

1140 

103.0 

15.2 

.  -1.0 

110.0 

99.4 

14,8 

-  1.4 

I  9 

CL 

107.1 

16  8 

109  2 

16.3 

106.8 

99.8 

18.3 

+  1.5 

105.4 

98.4  : 

18.7 

+  1.9 

43 

CH 

1040 

20.2 

102  0 

20.1 

i  106  4 

|  101.4 

19.6 

:  -0.6 

102.8 

98  8 

21.3 

+  1.1 

22 

CL 

114.3 

14.4 

114  7 

14.7 

'  1200 

J  105.0 

12.0 

-24 

116.6 

102  0 

12.6 

-  1.8 

40 

CH 

103.2 

20.4 

1014 

22.7 

'  107.2 

104  0 

19.7 

+0.7 

103.4 

100.2 

21.4 

+  1.0 

25 

CL 

108  6 

17.5 

10  7.7 

17  0 

>  108  0 

99  5 

1  8  6 

+  1.1 

;I03.I  ; 

94.9 

20.2 

+  2.7 

3  f 

CL 

108.3 

17  2 

1073 

18.7 

1  110.2 

;  ioi  b 

18.7 

+  1  5 

107.5 

99.3 

198 

+  2  6 

30 

CL 

1110 

16  1 

108  4 

18.0 

|  110.2 

99  3  ; 

17  2 

+  1.1 

107.2 

966 

1  9.6 

+  3.5 

22 

CL 

no  i 

16.1 

109.1 

17  0 

|  II  1.4 

1011 

17  9 

+  1  8 

109.8 

997 

18.3 

+  2.2 

37 

CH 

105  0 

19  0 

106  3 

18  5 

!  III  4 

106  0 

17  2 

-1.8 

107.4 

102  3 

19.0 

+  0.0 

22 

CL 

113.0 

15  5 

II  2.3 

15.7 

113. 1 

1000 

15  4 

-0  1 

113.4 

100.4 

15.0 

-0.5 

34 

CL 

;o7.o 

18  8 

104.3 

20.0 

1  107.6  | 

,  100.6 

20.1 

+  1.3 

1  10.7 

1035 

20.4  : 

+  1.6 

58 

CH 

96  6 

23  7 

92.8 

242 

99.0 

|  102.6 

23  8 

+  0.1 

96  8 

100  2 

249 

+  1.2 

34 

CL 

105.9 

19.0 

103.9 

19.3 

104  5 

98  7 

210 

+  2  0 

100  8 

95  2 

21.6  ; 

+2.6 

39 

CH 

106.8 

18.9 

106.3 

19.4 

;  101.4 

94.9 

19.0 

+  0.1 

103.3 

96  7 

20.9 

+  2.0 

1  4 

CL 

103.8 

20.7 

1003 

22  0 

1060 

102.1 

210 

+  0.3 

IOI.I 

97.4 

22.7 

+  2.0 

46 

CH 

102.6 

20.3 

1008  . 

1  208  (1 

f  01.5  | 

■  98.9 

19.2 

-  II 

j  101.6 

99.0 

216 

+  1.3 

45 

CH  |; 

100.0 

2  J  8 

i  1023  ! 

1  22.2  ;| 

103.5  | 

103.5  1 

J1L j 

:  -2.\ 

j  102.8  j 

’  \02.B  . 

-3.1 

RECORD  CONTROL  SAMPLE 


SOIL  CLASSIFICATION  DATA 

M.R.D.  LABORATORY 


STANDARD  COMPACTION  TEST 

FIELD  M.R.D.  LAB 


DENSITY  AND  MOlSTU 

SAND  CONE  DATA  _ L 

COM  WATER  WATER  DRY 


NUMBER 

STATION 

RANGE 

ELEVATION  ZONE 

LL 

Pi 

CLASS 

TRIAXIAL  TEST 
SPECIMEN 

- 1 - - - 

LL  PI  CLASS 

COMPACTION 

TEST  SPECIMEN 

LL  Pi  1  CLASS 

WAX  DRY 
DENSITY 

IPCD 

OPT  MOIST 
CONTENT 
(«) 

MAX  DRY 

DENSITY 

(PCF) 

OPT  MO'ST 
CONTENT 

(%) 

DRY 

DENSITY 

(PCF) 

COM 

PACTION 

(%1 

WATER  WATER 
CONTENTCONTENT  1 

;%>  <t%opt) 

RC-33 

99+00 

I  +  I5Q/S 

878  0 

RANDOM 

53 

32 

CM 

53 

35 

CH 

51 

32 

CH 

105.0 

200 

1004 

21  7 

103  8 

98  8 

19  7 

-0.3 

RC-100 

105+30 

0+ SOU/S 

8620 

IMP 

53 

31 

CH 

58 

38 

CH 

51 

34 

CH 

101.6 

21.1 

102.1 

21  0 

102.1 

100.5 

23  1 

+  2  0 

RC-»40 

107+80 

3+ 70 D/S 

863  0 

RANDOM 

44 

24 

CL 

49 

32 

CL 

44 

26 

CL 

1053 

19.7 

102.2 

19.7 

107  9 

102  5 

20  4 

♦  07 

RC-180 

05+23 

0+450/S 

881  0 

IMP 

47 

28 

CL 

52 

34 

CH 

49 

30 

CL 

105.0 

19.0 

105.5 

190 

1049 

104  8 

18  2 

-00 

RC-231 

102400 

1  +  2SD/S 

879  0 

RANDOM 

49 

30 

CL 

53 

37 

CH 

44 

28 

CL 

1045 

197 

103.5 

19  7 

1049 

100.4 

21.3 

+  1.6 

RC-263 

92+00 

E 

882  0 

IMP 

48 

28 

CL 

54 

37 

CH 

45 

27 

CL 

1058 

18  9 

103  7 

18  9 

110  1 

100  6 

207 

+  1 .8 

RC-346 

112  +  75 

E 

876  7 

IMP 

43 

26 

CL 

53 

37 

CH 

51 

34 

CH 

105.5 

10.2 

1027 

18.2 

1037 

99  2 

198 

+  1  6 

RC-377 

108+60 

0+330/S 

883  0 

IMP 

56 

37 

CH 

52 

36 

CM 

55 

36 

CH 

101.6 

2  1  0 

94  8 

21  0 

101  4 

99  8 

234 

+2  4 

RC-388 

114+30 

E 

875  0 

IMP 

38 

18 

CL 

36 

20 

CL 

37 

20 

CL 

107  6 

17  0 

101.0 

17  0 

1059 

101  8 

18  6 

+  16 

RC-460 

89+00 

I  +  70D/S 

006  0 

RANDOM 

33 

33 

CH 

55 

38 

CH 

54 

36 

CH 

101.6 

216 

87  0 

21.6 

1007 

99  1 

24  9 

♦  3  3 

RC-510 

100+00 

0+  260/S 

888  0 

IMP 

42 

26 

CL 

39 

25 

CL 

46 

33 

CL 

107  0 

187 

105  1 

18  7 

107  7 

100  6 

18  6 

+0  1 

RC-545 

106+00 

2+75U/S 

881  3 

RANDOM 

41 

24 

CL 

40 

26 

CL 

42 

30 

CL 

109.8 

169 

107.2 

16  9 

II  3.8 

103  6 

18.5 

+  1  6 

RC-575 

100+00 

1  +  350/S 

890.0 

RANDOM 

42 

25 

CL 

42 

27 

CL 

50 

35 

CH 

1056 

189 

105.0 

18  9 

107  0 

101  4 

193 

+  0.4 

RC-629 

87+50 

1  + 000/S 

893  0 

RANDOM 

47 

30 

CL 

52 

36 

CH 

52 

36 

CH 

1062 

19  1 

937 

19  1 

104.2 

98  2 

190 

-0.1 

RC-661 

<04+20 

2  +  25U/S 

884  0 

RANDOM 

43 

27 

CL 

50 

35 

CH 

46 

30 

CL 

1094 

17  9 

101  6 

17  9 

109  6 

100  2 

18  5 

+  0  6 

RC-739 

90+15 

0+05U/S 

096  0 

IMP 

42 

26 

CL 

48 

31 

CL 

43 

27 

CL 

107  7 

18  7 

1025 

18  7 

108  9 

101  2 

19  3 

+  0.6 

RC-013 

109+40 

I  +  75U/S 

8966 

RANOOM 

45 

27 

CL 

41 

25 

CL 

40 

24 

CL 

109.2 

171 

105  7 

17  1 

1106 

101.2 

190 

+  19 

RC-816 

92+00 

0+700/S 

902  5 

RANDOM 

49 

31 

CL 

45 

30 

CL 

51 

37 

CH 

107  3 

106 

102.1 

18  6 

1090 

1015 

18  1 

-0.5 

RC-058 

102+00 

0+20D/S 

903  5 

IMP 

31 

18 

CL 

34 

20 

CL 

30 

16 

CL 

1172 

13  3 

1096 

13  3 

115  8 

98  8 

15  2 

+  19 

RC-068 

108+00 

I  +  0OU/S 

899  5 

RANDOM 

42 

25 

CL 

46 

32 

CL 

36 

23 

CL 

1097 

17  3 

104.7 

17.3 

106  1 

96  7 

19  9 

+  2  6 

RC-901 

— 

— 

878  5 

— 

- 

- 

- 

49 

33 

CL 

44 

27 

CL 

— 

— 

99.2 

— 

— 

— 

— 

— 

RC-9II 

98+00 

1+250/S 

904  0 

RANOOM 

40 

24 

CL 

44 

31 

CL 

33 

20 

CL 

1099 

19  3 

1060 

19  3 

1092 

99  4 

193 

0.0 

RC-933 

103+03 

0+55  D/S 

908  6 

RANOOM 

39 

24 

CL 

43 

30 

CL 

37 

21 

CL 

N  1.4 

16  6 

1032 

16  6 

108  7 

976 

16  8 

+  02 

RC-938 

07+00 

I+80U/3 

904  5 

RANDOM 

44 

28 

CL 

56 

42 

CH 

52 

38 

CH 

1085 

17  2 

104.8 

17  2 

1116 

102  8 

18  0 

+  0  8 

RC-954 

88+00 

0+800/S 

900  0 

RANDOM 

37 

22 

CL 

41 

28 

CL 

40 

27 

CL 

112  9 

15  9 

1113 

15  9 

1114 

98  8 

15  8 

-0  1 

RC-1030 

90+45 

0+80 0/S 

913  0 

|  RANOOM 

37 

21 

CL 

37 

21 

CL 

43 

28 

CL 

110  1 

165 

106  2 

16  5 

1086 

98  6 

18  3 

+  1  8 

RC-I03I 

94+20 

0+15  0/S 

912.0 

IMP 

40 

24 

CL 

42 

28 

Cl 

39 

23 

CL 

109.2 

16  8 

1080 

16  8 

1073 

98  3 

20  2 

+  3  4 

RC-1096 

09+15 

0+70D/SI 

913  3 

RANOOM 

52 

25 

CH 

57 

40 

CH 

56 

43 

CH 

104.8 

19.0 

102  6 

19  0 

104  5 

99  7 

210 

+  20 

RC-II54 

113+80 

2 +  60  D/S 

887.0 

IMP 

37 

20 

CL 

51 

34 

CH 

35 

18 

CL 

108.0 

17.0 

1082 

17  8 

1096 

101  5 

18  3 

+  1  3 

RC-II55 

72+00  0+70U/SI 

912  5 

RANDOM 

42 

26 

CL 

48 

29 

CL 

45 

31 

CL 

1064 

190 

104  5 

18  7 

103  1 

96  9 

22  6 

+  3  6 

RC-1205 

113+00  0+40U/S 

888  0 

IMP 

!  36 

19 

CL 

52 

36 

CH 

38 

22 

CL 

1079 

177 

1070 

IS  8 

1109 

102  8 

18  8 

+  1.1 

RC-1236 

90+00 

0+350/S! 

919.0 

IMP 

4* 

30 

CL 

54 

36 

CM 

50 

34 

CH 

103.4 

204 

96.2 

22.7 

101  4 

98  1 

20  8 

+  04 

RC-1242 

105+00 

0+  400/S 

922  5 

RANDOM 

!  43 

27 

CL 

56 

43 

CH 

39 

25 

CL 

108.9 

17  5 

102.4 

213 

1089 

1000 

19  1 

♦  16 

RC-1264 

09+23 

0+70U/S 

918  0 

RANOOM 

j  29 

16 

CL 

35 

22 

CL 

31 

21 

CL 

116.9 

13.6 

:  1163 

13.9 

1133 

969 

17  0 

+  34 

RC-1322 

119+00 

1  +  02  D/S 

9210 

IMP 

!  42 

24 

CL 

52 

34 

CM 

45 

31 

CL 

1056 

10.6 

98.7 

19  1 

1005 

95  2 

20.0 

+  1  4 

I460U/SI 
!  0+7SU/8j 
t  1 
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STANDARD  COMPACTION  TEST  DENSITY  AND  MOISTURE  CONTENT 


TORY  FIELD  M.R.O-  LAS.  SAND  CONE  DATA  UNDISTURBED  DATA 


OM PACT  ION 

ST  SPECIMEN 

Pi  CLASS 

MAX  MY 

DENSITY 

(PCF) 

OPT  MO  1ST 
CONTENT 

(%> 

MAX  DRY 
DENSITY 
(PCFJ 

OPT.  MOIST 
CONTENT 
1%) 

DRY 

DENSITY 

<PCF) 

COM¬ 

PACTION 

<%) 

WATER  WATER  ORY  COM-  WATER  WATER 

CONTENT  CONTENT  DENSITY  PACTION  CONTENT  CONTENT 
<%)  <!%OPT)  (PCF)  <%»  (%)  j(£%OPT) 

32 

CH 

105.0 

200 

1004 

21  7 

103.8 

98.8 

19.7 

-0.3 

1006 

95.8 

22.1 

+  2.1 

34 

CH 

101.6 

211 

102.1 

21.0 

102.1 

100.5 

23  1 

+2.0 

102.5 

100.9 

23.1 

+  2.0 

26 

CL 

105.3 

197 

102.2 

19  7 

1079 

102.5 

20  4 

♦  07 

107  8 

1024 

20  9 

+  1.2 

30 

CL 

105.0 

19.0 

105.5 

19  0 

1049 

104  0 

18  2 

-0.0 

112.3 

107.0 

17  8 

“1.2 

28 

CL 

104  5 

19  7 

103.5 

19  7 

1049 

100.4 

21.3 

+  1.6 

102.3 

979 

21.5 

♦  1.8 

27 

CL 

1058 

18  9 

103  7 

189 

1 1  0.1 

100.6 

207 

+  1.8 

101.9 

96.3 

22  7 

+  30 

34 

CH 

1055 

18.2 

102  7 

18  2 

103.7 

99  2 

1  J.8 

4  1.6 

102  7 

973 

20.4 

+  22 

• 

36 

CH 

101  6 

2  1  0 

94  8 

21.0 

101  4 

99  8 

234 

+2.4 

98  2 

96.7 

23  7 

♦  2.7 

20 

CL 

107.6 

17.0 

101. 0 

17  0 

105.9 

101  8 

186 

♦  1.6 

106  3 

988 

187 

+  1.7 

36 

CH 

1016 

216 

870 

21.6 

100.7 

99.1 

24  9 

+  3  3 

95  7 

94.2 

25.2 

+  3.6 

33 

CL 

107.0 

18  7 

105.1 

18.7 

107.7 

1006 

18  8 

+01 

106.1 

992 

18.1 

-0.6 

30 

Cl 

1098 

169 

107  2 

16  9 

113  8 

103  6 

18.5 

+  1.0 

1098 

100.0 

17.7 

+0.8 

35 

CH 

105.6 

189 

105.0 

18  9 

1070 

101.4 

193 

♦  0.4 

103.5 

98.0 

20.1 

♦  1.2 

36 

CH 

106.2 

19  1 

93.7 

19  1 

104.2 

98.2 

19.0 

-0.1 

103  1 

97.1 

208 

+  1.7 

30 

CL 

1094 

17  9 

101  6 

17  9 

1096 

1002 

18  5 

+0  6 

108  3 

99.0 

18.4 

+0.5 

27 

CL 

1077 

18  7 

102.5 

18  7 

>08  9 

101.2 

19  3 

+  0.6 

104.4 

96.9 

«'-• 

+  2.4 

24 

CL 

109.2 

17.1 

1057 

17.1 

1106 

101.2 

19  0 

+  1.9 

108  8 

99.6 

19  3 

+  22 

37 

CH 

1073 

18.6 

102.1 

18  6 

109.0 

101.5 

18.1 

-0.5 

108.0 

100.6 

18  3 

-0.3 

16 

CL 

117  2 

13.3 

1096 

13  3 

use 

988 

152 

+  1.9 

109.3 

93.3 

158 

+  2.5 

23 

CL 

1097 

17.3 

104.7 

17.3 

106.1 

96  7 

19  9 

+  2.6 

1077 

98.7 

18.4 

+  1.1 

27 

CL 

— 

99.2 

— 

— 

— 

— 

— 

100.8 

— 

20.7 

— 

20 

CL 

109.9 

19  3 

1060 

19.3 

1092 

99.4 

19  3 

o.o 

107.4 

97.7 

207 

♦  1.4 

21 

CL 

1 1  1.4 

166 

103.2 

16  6 

1087 

976 

16  8 

+  02 

IIO.I 

98.8 

16.7 

+  0.1 

38 

CH 

108.5 

17  2 

104  8 

17  2 

III  6 

102.8 

18  0 

+  00 

104.5 

96  3 

19.6 

+  2  4 

27 

CL 

112.9 

15.9 

1113 

15  9 

II  1.4 

98  8 

15  8 

-0.1 

1109 

98.2 

16.4 

+0.5 

28 

CL 

II  0.1 

16  5 

108.2 

16  5 

108  6 

98  6 

18.3 

+  1.8 

106.3 

965 

18.6 

+  2  1 

23 

CL 

109.2 

16.8 

1080 

16  8 

1073 

98  3 

20  2 

♦  3  4 

106.2 

97.3 

19  3 

♦  2.5 

43 

CH 

104.8 

190 

102  6 

19.0 

104.5 

99.7 

21.0 

+  2.0 

101.2 

965 

208 

+  1.8 

18 

CL 

108.0 

170 

1082 

17  8 

109  6 

101  5 

18  3 

+  1  3 

112. 1 

1038 

183 

+  1.3 

31 

CL 

1064 

19  0 

104  5 

18  7 

103  1 

969 

22  6 

+  3  6 

962 

90.4 

25  4 

♦  64 

22 

CL 

1079 

17.7 

107  0 

15  8 

110.9 

102  8 

18  6 

♦  II 

105.4 

97.7 

18.7 

+  1.0 

34 

CH 

103.4 

20.4 

98  2 

22.7 

101  4 

98.1 

208 

♦  0  4 

101  4 

98.1 

22  6 

♦  2  2 

25 

CL 

1089 

17.5 

102.4 

21.3 

108  9 

100  0 

19.1 

416 

106  6 

97.9 

20  0 

+  2  5 

21 

CL 

116.9 

13.6 

116.3 

13.9 

1133 

969 

170 

♦  3.4 

1087 

93.0 

17.4 

+  3.8 

31 

CL 

105.6 

18.6 

98.7 

19.1 

1005 

95.2 

200 

+  1.4 

103  1 

976 

21.2 

+  2.0 

20 

CL 

1065 

174 

103.6 

18  5 

104  9 

98.5 

,»7 

+  23 

102.3 

96  1 

21.9 

♦  4.5 

28 

CL 

IH.2 

16.1 

1  1  15 

15.7  ' 

107.2 

96.4 

161 

00 

110.3 

994 

15.6 

-0.5 

L 

53 

CH 

985 

2J5 

987 

“8  . 

97  5 

990 

25  8 

+  2  3 

96.1 

976 

25  4 

+  19 
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•  PIEZOMETER  (OPEN  TUBE) 

♦-  PIEZOMETER  (AIR  OPERATEO 
MONITOR  BOX 

■  INCLINOMETER 
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PLAN  OF  OBSERVATION  DEVICES 


OPEN  TUBE  PIEZOMETERS 

DEVICE 

TIP 

TOP  OF 

NUMBER 

STATION 

RANGE 

ELEVATION 

RISER 

MATERIAL 

P-56-’ 

66*30 

3*  JOU 

•908  0 

926  97 

RAY  TOWN  lS 

R-66  2 

66  ♦  00 

2  +  500 

909  5 

929  77 

RAYTOWN  IS 

9  74  1 

'4*00 

0  *  -80 

8566 

963  28 

DRUM  IS 

P  74  2 

74*00 

0-130 

956  5 

963  45 

DRUM  LS 

P  82  ’ 

82*26 

.:*60U 

84>4 

938  53 

<jU;v'RA  Sm 

9  82  2 

8i  *9i 

0  +  80U 

84. 7 

934  >4 

QUIVIRA  Sh 

9  83  ? 

80  *  36 

0*250 

859  5 

951  AC 

MPEPV’C'.'S 

9  84  i 

84*65 

'  *200 

345  i 

925  47 

DRUM  i5 

P-35-' 

85*00 

2  *  36U 

84’  2 

9:  -  30 

OU'V’Ri  Si 

»  36  ' 

86*40 

3*200 

838  2 

908  93 

QU'V’BA  Sh 

P-87  • 

87*75 

5  *  200 

056  3 

870  7' 

CVERSURDEN 

P  87  2 

87.65 

6*  100 

837  8 

879  66 

OUiV'Ra  S« 

9-87  3 

87*50 

0*250 

875  0 

9b'  TJ 

iMRERtf-OUS 

9  90  i 

90.00 

2  +  35U 

842  6 

9’ 7  55 

GUiViRA  SH 

9-91  1 

91*  ’C 

4  +  000 

839  0 

89'  7  7 

OU’V’RA  Sh 

p-94-6 

93*95 

0.601) 

86t  6 

936  53 

OycRBURDEN 

9  94  7 

94*05 

0*600 

847  7 

938  74 

DfiliM  IS 

P-94-3 

95*58 

0  *  80U 

84?  5 

932  29 

OU’VIRA  Sh 

P-94-9 

93*95 

0*50o 

833  1 

940  1 5 

WESTEBVUtE  lS 

P-94-iO 

93*95 

0*250 

88'  67 

949  53 

IMPERVIOUS 

o  94- : ' 

94*05 

C  *  250 

86?  4 

943RO 

IMPEBV'OOS 

p-94-12 

93*95 

•*460 

86’  ’ 

922  92 

OVERBURDEN 

P-94  -  3 

94*05 

•  *450 

847  1 

922  9  7 

DRUM  LS 

P  94  14A 

94  *05 

1*570 

83?  4 

922  02 

WESTERVILLE  LS 

P-94  15 

93*95 

3  + 550 

869  3 

902  63 

OVERBURDEN 

9  94  16 

93  +  95 

3*500 

84'  3 

9033' 

QU’V'RA  SH 

9  94  1  7 

94*06 

3.500 

83?  ? 

903  99 

WESTERVILLE  lS 

P  94  18 

93*95 

5.000 

852  4 

87753 

OVERHURDEN 

P-94- *9 

94  *05 

5  *  2C0 

843  ? 

87 '0h 

CtUIV  BA  SH 

p  94-20 
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